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ABSTRACT
Increasing Introductory Biology Students’ Modeling Mastery
Through Visualizing Population Growth Models
Samantha Rae Wasson
Department of Biology, BYU
Master of Science
In introductory biology, college students are taught to predict how populations will grow
and change over time by using population growth models. These models are commonly
represented as mathematical equations. However, students consistently struggle when math and
biology concepts intersect in the classroom, and these struggles lead to suboptimal understanding
of how mathematical population models are designed and used. Education literature suggests that
students may struggle with population modeling because of math anxiety, the high cognitive load
of the task, and the lack of scaffolding for abstract concepts. In our study, we sought to improve
student mastery modeling exponential growth, logistic growth, and Lotka-Volterra predator-prey
interactions through using pictorial diagrams in modeling pedagogy. We predicted that these
diagrams would reduce the amount of triggered math anxiety, lower the cognitive load of the
task through reducing element interactivity, and allow for a more scaffolding for abstract symbols
through a pictorial representation bridge. To test the effectiveness of population diagrams, we
created two versions of a population modeling lesson plan: one version taught using diagrams
then equations, while the other taught using purely equations. We also designed practice and
assessment questions that tested calculation and model-building ability. We assessed math
anxiety, scientific reasoning ability, and math ability at the beginning of the semester and state
anxiety, effort of tasks, and difficulty of tasks during each lesson. Over 200 students from a nonmajor biology course were randomly assigned to each group, and all were given a preassessment, four lessons, a practice test, and a unit test on population modeling. Our findings
show that while the addition of pictorial models to the traditional pedagogy did not have a
significant effect on exponential and logistic growth model mastery, students that were exposed
to predator-prey diagrams were more able to create a new model for a three-level predator-prey
interaction than students that were only given traditional pedagogy. In addition, students who
were exposed to predator-prey interaction diagrams before they derived equations reported a
lower cognitive load than students who were only exposed to equations. Although diagrams were
not a more helpful calculation tool for students than traditional equations, using population
diagrams before to equation derivation may help improve student mastery of growth model
creation.

Keywords: population growth, introductory biology, math education, collegiate pedagogy, math
anxiety, exponential growth, logistic growth, Lotka-Volterra predator-prey interactions
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Introduction
Population Growth Modeling in Introductory Biology
Introductory biology students are often given a taste of the power of mathematical
models through learning population growth equations in their ecology unit. This includes
exponential and logarithmic population growth (Bacaër 2011), as well as the coupled predatorprey interaction equations pioneered by Alfred J. Lotka (Lotka 1956) and Vito Volterra
(Volterra 1927).
Exponential growth:
Nend = Nstart + bNstart – dNstart
Nend = Nstart + rNstart
Logistic growth:
Nend = Nstart + rNstart((K-Nstart)/K)
Predator-Prey Interactions:
Nend = Nstart + rNstart – αNstartPstart
Pend = Pstart + βNstartPstart - dPstart
Students struggle to understand and use mathematical modeling within the context of
biology. For some, these difficulties can be attributed to a lack of basic understanding of
mathematical concepts due to poor academic preparation prior to undergraduate classes (Scott
2012). However, even when armed with requisite mathematical skills, if students are unable to
thoroughly explore mathematical ideas in the concept of biology, they will often rely on rote
memorization of an equation or a series of steps in order to solve biology math problems (Scott
2016). This approach triggers a “learned helplessness” response when students encounter novel
1

problems that cannot be solved through using their surface-level, memorized strategy (Hourigan
and O'Donoghue 2006). Students may also underestimate the importance of mathematics in the
field of biology. Students who are interested in science but are less inclined towards mathematics
are often encouraged by their mentors and peers to pursue biology over other scientific fields that
are perceived to require more math, such as chemistry or physics (Gross 2004). If students do not
believe that mathematics plays an important role in understanding biology, they may dedicate
less time and energy towards understanding the math behind biological models. Overall, a lack
of preparation, exploration, and appreciation of mathematical concepts puts biology students at a
disadvantage when it comes to working with more abstract mathematical concepts, including
population growth models.

The Power of Mathematical Models
Ecology’s fundamental population growth equations often fail at realistically predicting
population growth because they focus on simplified interactions between basic variables, such as
pre-calculated species birth and death rates (Barros et al. 2000). If these equations do not predict
population growth accurately, why are biology students exposed to them at all? While population
growth equations often estimate idealized and inaccurate growth, the purpose of modeling goes
further than just calculation. Scientists can use models to explore and evaluate the behaviors and
changes in a system through simple representations, which can then be modified into more
complex models as additional details about the system are discovered. In addition, models
provide a useful mental framework through which scientists can conduct experiments that do
yield accurate and useful data (Odenbaugh 2005). Biology students can deepen their
understanding of ecological interactions by deriving and using population growth models.
2

A major goal for introductory biology classes, especially those for students that do not
intend to pursue a career in science, is transfer. Successful transfer is manifest when students
apply principles learned in class to novel, diverse, real-world contexts (Billing 2007). For
introductory biology, that can encompass making responsible decisions as informed citizens and
dutiful stewards in regard to biology-related issues. Hence, students are not taught modeling for
the sole purpose of calculating hypothetical animal population growths, but rather to help them
to approach mathematical prediction models as neither all-seeing oracles nor imaginative scams,
but rather man-made tools that can be modified according to variables of interest. Model
interpretation and evaluation are important and sorely needed civic skills. Doubts about the
validity of climate change prediction models prevent layman action against climate change
(Simon and Pentland 2012). In addition, the need for citizen understanding of growth equations
is illustrated by the record high google frequencies of the search term “exponential growth” in
response to the COVID-19 pandemic (Google). By improving model-based education for the
rising generation, we can reduce sentiments of distrust and fear towards scientific modeling.

Three Obstacles: Math Anxiety, Cognitive Load, and Abstract Concepts
Educational literature proposes several possible reasons why some students struggle with
mathematical concepts in biology. We chose to hone in on three of the most prominent hurdles to
population modeling master: math anxiety, the high cognitive load of the subject, and the
abstract concepts in modeling pedagogy. First, population growth modeling relies on
mathematical calculations; however, student math anxiety can get in the way of these
calculations. Math anxiety is a negative emotional response to math, or to the idea of doing math
(Hembree 1990). Research shows that students with high math anxiety show especially low
3

mathematical performance when working with equations (Buelow and Frakey 2013; Skagerlund
et al. 2019). Math anxiety is also linked with smaller working memory spans, which can increase
the rate of errors in mental calculations and problem-solving steps (Ashcraft and Kirk 2001).
Students that are anxious about performing mathematical calculations will likely struggle with
ecological modeling (Carter and Erna 2017). Math anxiety can increase the cognitive load of a
task (Gupta and Zheng 2020; Hawthorne et al. 2019).
Population modeling as a subject has attributes that are known to increase cognitive load.
These equations rely on a language of symbolic variables, such as r, Nstart, K, α, and β. The very
presence of mathematical symbols in place of numbers can hinder student performance when
applying math in a scientific context (Torigoe and Gladding 2007b). Including unfamiliar
symbols can increase the cognitive load of an activity (Torigoe and Gladding 2007a). While it
may be beneficial to train students to recognize and use standard mathematical symbols in some
instances, if not part of the course’s designated learning outcomes, then foreign symbols can
raise the extraneous load of the task, thus reducing student performance on mathematical
questions. An overemphasis on symbols can also lead students to “blind manipulation,” in which
they alter given equations in the search of something that looks familiar to them, without taking
into consideration the meaning of each of the variable they manipulate (Kortemeyer 2016). In
addition, population modeling has a high level of element interactivity. In traditional modeling
pedagogy, students are concurrently learning the language of letter symbols, the biological
concepts of population growth, how those symbols interact, and sometimes relearning arithmetic
in order to manipulate those variables correctly. In other words, elements of population
modeling are traditionally taught simultaneously, which creates a higher intrinsic cognitive load
than if elements are taught successively (Sweller 1994). Teaching elements separately, as
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isolated elements that gradually work up to the full task, can lower the intrinsic load of a task
(Van Merriënboer and Sweller 2010). While intrinsic load is dependent on the complexity of
information, germane load deals with the cognitive load of the “acquisition of knowledge,” and a
high amount of germane load is associated with greater understanding and transfer as germane
load provides an independent source of working memory load (Sweller 2010).
Population growth models can also be difficult for biology students because of their
abstract nature, as students are expected to calculate population growth on a scale that is difficult
to visualize. This issue is heightened when instructors jump into writing and explaining
population growth equations to students before providing them with more concrete scaffolding.
Studies show that by beginning instruction with a concrete representation of a system, then
transitioning to a pictorial representation of relationships, and finally introducing symbolic
manipulations of variables, students develop increased mathematical conceptual understanding
(Purwadi et al. 2019). Traditional modeling pedagogy can begin with exploration through
concrete examples of real-world population growth stories however it lacks a pictorial
representation stage to bridge the gap between real-world examples and abstract equation
symbols. Starting modeling instruction with equations reduces opportunities for students to
explore the modeled relationships, and may promote rote memorization or a “plug-and-chug”
mentality (Scott 2016). Keeping with the 5E learning cycle, students should explore a concept
before receiving an explanation on it (Duran and Duran 2004). Population equations are abstract
and difficult to explore; thus, pedagogy should be adjusted to help students journey through the
concrete example and pictorial representation stages in order to build their own understanding of
population growth models.

5

Previous Attempts to Overcome the Three Obstacles of Modeling Pedagogy
Noteworthy efforts to improve ecological modeling pedagogy include the use of
computer simulations and physical manipulation activities in the classroom. Computer
simulations range in intricacy from the popular and intricate HHMI BioInteractive Population
Dynamic simulation, to the simplistic PhET Bunny Population Growth simulation, and to less
flashy yet incredibly customizable instructor-made Microsoft Excel sheets (Biointeractive ;
Boulder). All provide the advantage of allowing students to observe how changes to a modeled
population (such as growth rate, population size, or limiting factors) will directly affect future
population growth (Street and Laubach 2013). Simulations make it easy to adjust variable values
and illustrate clear relationships between variables of interest and can be incorporated into the 5E
learning cycle as an exploration activity (Duran and Duran 2004). The downside of using
computer simulations to teach population growth is that the mathematical processes of
population growth often occur outside of student view as the computer calculates population size
changes. While students using these simulations can observe interactions between two variables,
they will not be prepared to express that relationship in mathematical notation (Korfiatis et al.
1999). Depending on how a computer simulation is made, it can also be difficult for students to
modify an existing population equation, limiting opportunities for students to create and build
new models.
Physical manipulation activities make population growth seem more concrete to students
by using physical items to represent more abstract concepts. The only limit to physical
manipulees is the instructor’s imagination (and budget), but common items used for population
growth include beans, playing cards, beads, coins, and dice (Hoagstrom et al. 2019; Jungck et al.
2010). One population growth pedagogy relied on a dice game to represent growth, using the
6

dice as a representation of time passing on a population (Celnikier 1980). Although these
activities do not explain the physical interactions between populations and their environment or
between predators and their prey, they do illustrate key relationships between them and provide a
concrete way of visualizing more abstract phenomena. Physical manipulation activities use
analogies when comparing physical ideas to population growth, and these analogies can cause
students to form misconceptions on the nature of how variables interact in population growth.
Physical manipulees also require additional prep time for the instructor, and purchasing physical
materials creates additional expense that may not be feasible for all instructors. Both computer
simulation and physical manipulation activities are limited in that while they provide a helpful
way for students to explore the concepts of population growth, they usually do not offer much
scaffolding to help students derive mathematical population growth models.

Population Growth Diagrams: Our Experimental Scaffold
To overcome the challenges students face when learning about population growth, we
propose a visually oriented modeling teaching method. Population growth diagrams withhold
mathematical symbols until after students have explored population growth relationships, which
we predict to increase student ability to calculate population growth and create new population
growth models.
We devised a diagram system to help students visually model exponential growth,
logistic growth, and Lotka-Volterra predator-prey interactions. Our diagrams were inspired by
the flowcharts William Grant and Todd Swannack used to represent population dynamics in
“Ecological Modeling: A Common-Sense Approach to Theory and Practice;” however, our
diagrams were extensively adapted and simplified to accommodate novice learners (Grant and
7

Swannack 2011). In these diagrams, we used rectangles to represent population sizes, arrows to
represent rates, and triangles to represent positive or negative changes in population size. All
arrows had to be connected to at least one rectangle, which represented that all rates needed to be
connected to (i.e., depend on) at least one existing population in order to be meaningful (fig. 1).
All diagrams were set up to calculate population growth over one time unit (one day, month,
year, etc.), although students were given scaffolding and assessment questions to see if they
could adapt their diagram to model growth over multiple time units. For logistic growth, total
carrying capacity was represented by a circle, with the existing population size and “room” for
more individuals represented as portions of the circle, like slices of a pie (fig. 2). For predatorprey interactions, we set up two basic population growth diagrams, one for the predator
population and one for the prey population. Predation rate and efficiency rate arrows were
attached to both the predator and prey starting population sizes. During instruction, the rates used
to model predator-prey interactions were color-coded for legibility, but students were not
required to color-code their models (fig. 3). We chose to create population growth diagrams that
used shapes and arrows because these symbols were familiar to students, as they had probably
used similar shapes to create flow charts or concept maps in the past. These symbols were also
interchangeable: a rectangle for starting population size in a logistic growth model is the same as
a starting population size in a predator-prey growth model, so students would need to memorize
fewer symbol types before exploring the relationships between populations and growth rates. We
also presented these shapes with written labels, such as writing out “Starting Population Size” on
a rectangle instead of labeling the rectangle with an equation symbol “Nstart.” As we still felt it
was important for students to learn and master traditional population growth equations, we used
population diagrams as scaffolding before teaching students traditional population equations.
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Students would learn population growth diagrams and then use them to derive population growth
equations with help from lesson feedback.

Theoretical Rationale for Using Diagrams in Population Growth Modeling Pedagogy
We wanted to focus our modeling pedagogy on preparing students to use population
growth equations to calculate change over time and create new models when presented with new
population growth situations. By teaching students with population diagrams before teaching
them traditional population growth equations, we expected to see increased mastery in
population growth calculations and model building because population modeling pedagogy
would decrease overall cognitive load through using interchangeable, familiar shape-based
symbols that were labeled with English words instead of single letter symbols (Nstart, K, β, etc.)
In addition, diagrams do not have the intimidating appearance of long, unfamiliar mathematically
equations, so we expected that teaching students with diagrams before equations would trigger
less math anxiety in students and create less anticipatory distress at the thought of doing math
(Lyons and Beilock 2012). Math anxiety itself increases extraneous cognitive load, so reducing
math anxiety triggers would reduce the overall load of a task (Ashcraft and Krause 2007). The
population growth diagram pedagogy withholds unfamiliar letter symbols (Nstart, Pstart, K, α, β)
until after students have already made connections between important terms (such as population
size and growth rate), which allows students to explore the relationships between populations
and rates before learning the language of population growth letter symbols. By separating
elements of population modeling, students should be able to more easily master the task.
Diagrams can help students visualize interactions through pictorial representation (carrying
capacity pie chart, arrows connecting predator and prey populations), and pictorial representation
9

can provide a helpful scaffolding bridge between concrete exploration of population growth and
abstract population growth models.

Research Questions
To test the effects that population growth diagram pedagogy has on student learning, we
focused on four research questions:
1. Does teaching students population growth diagrams before equations improve their
ability to calculate population growth?
2. Does teaching students population growth diagrams before equations reduce the amount
of triggered math anxiety and the overall cognitive load students experience while
calculating population growth?
3. Does using population model diagrams as a calculation tool improve students’ ability to
calculate population growth?
4. Does teaching students population growth diagrams before equations improve their
ability to build new population growth models?
We also investigated whether diagram instruction and calculation tools benefitted certain student
populations, such as students with high math anxiety, more than others.

10

Methods
Ethics Statement
The study design was reviewed and approved by the Institutional Review Board at
Brigham Young University. All research subjects gave digital written consent to participate in
the study.

Course Description and Participants
The study was performed at a large private university (∼30,000 students enrolled) in an
online introductory biology course for students that were not biology majors. The experiment
took place during the COVID-19 pandemic, and the large class sections were forced to use
online learning instead of in-person instruction for health safety. This course fulfilled a general
requirement for biology, and did not require any prerequisite classes. Although the introductory
class was mostly administered through synchronous instruction, the four lessons used in this
study were given through text and image-based asynchronous instruction as quizzes in the
Canvas Learning Management System. Drawing from the framework of the 5E Learning Cycle,
these four asynchronous lessons (Appendix D) began with engage and explore questions to
introduce population modeling concepts, then instructed students on how to build and use
population models through a series of practice questions with written feedback (Duran and
Duran 2004).
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Experimental Design
Two online sections of the course were used for this study. Students registered for the
course section of their choice: one section met at 8 am, the other at 9 am for live remote lectures
and learning activities. However, all students were allowed to complete the four lessons and the
assessments for this experiment at any time they wished through asynchronous lessons. Students
from each section were randomly assigned into two treatment groups. The group that learned
how to model population growth through only traditional equation pedagogy were designated the
“Traditional Group” (fig. 4). The group that first learned how to model population growth
through population diagram pedagogy in lessons 1 and 3, then later learned traditional population
growth equations in lessons 2 and 4 were designated the “Diagram Group.” Each treatment
group completed four asynchronous text and image-based lessons online. The diagram group
was taught using population diagrams in lessons 1 and 3, then derived traditional population
growth equations in lessons 2 and 4, while the traditional group derived and used traditional
population equations in lessons 1-4. Both lesson versions had the same introductory exploration
questions, practice questions, parallel structure in writing, and both had scaffolding questions
(Appendix D). After completing the four lessons, students took a low-stakes practice test on
population modeling, received feedback on their performance on the practice test, then took a
high stakes unit test on population modeling. Both tests asked similar questions asking students
to make calculations using the exponential growth, logistic growth, and predator-prey
interactions models they already knew, and also asked students to derive a new population model
for a new type of population growth (Appendix F). Two hundred and one students consented to
be a part of this study; however, not all student participants completed all lessons and
12

assessments, nor did all of them submit all requested work images. We always included as many
students as possible to maximize sample sizes and increase statistical power, so sample sizes
changed slightly from analysis to analysis for this reason. Thus, sample sizes are listed with each
figure or analysis.
To limit variability between the two treatment groups, both groups were taught through
asynchronous text and image-based lessons administered through the same university website
(Canvas) written by the same instructor (author S.R.W.), during the same semester.

Instruments and Data Collection
Population Modeling Calculation Questions
Each of the four experimental lessons in this study used scaffolding questions to teach
students to derive population growth models (using either diagrams or equations to represent
those models) (Appendix D). Because these questions were provided as scaffolding, we did not
use them to assess student population growth calculation abilities. However, each lesson also
included at least three assessment questions to test student population growth calculation ability
after they had explored population growth through scaffolding questions, and we analyzed these
assessment questions to see the effects of treatment on population growth calculation ability.

Scientific Reasoning
To assess students’ preexisting scientific reasoning skills, we used the revised 2000
version of the 24-item Lawson Classroom Test of Scientific Reasoning (LCTSR) (Lawson 1978;
Lawson et al. 2000). We chose this instrument because it can indicate general scientific
reasoning ability without domain-specific preparation. It has also been validated on college
13

student populations, which was our experimental population in this study. This instrument was
administered through a remote pre-assessment at the beginning of the semester, about three
weeks before students were given the experimental lessons.

Math Anxiety
To assess student math anxiety, we used the Abbreviated Math Anxiety Survey (AMAS)
(Hopko et al. 2003). The AMAS is a brief, 9-question instrument that presents students with
math-related situations, such as “Thinking about an upcoming mathematics test one day before,”
and “Watching a teacher work an algebraic equation on the blackboard,” and then asks student to
rank how much anxiety they would feel in each situation from a scale of 1 - Low Anxiety up to 5
- High Anxiety. The AMAS was included in the remote pre-assessment at the beginning of the
semester (Appendix C).

Math Ability
To assess students’ preexisting mathematical ability, we created a 5-question instrument
based on skills that would be helpful when calculation population growth and building
population growth models. The first question on the instrument was a bar task that required
relational thinking (Norton et al. 2015). The second question required a manipulation of two
rates presented as letter symbols (j and s) (Byerley and Thompson 2014). The last three questions
were created by Dr. Steven Jones of the Brigham Young University Mathematics Education
Department with some input from the author (Samantha Wasson). The third question was an
adaptation of the Byerley & Thompson question, and it required student to subtract rates instead
of divide a rate. The fourth was a simple task of isolating a variable from other symbolic letter
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variables. The last question used a shopping word problem to test proportional reasoning. The
math ability test was included in the remote pre-assessment at the beginning of the semester
(Appendix C).

State Anxiety
To assess the level of anxiety students felt in the moment while completing remote
population modeling lessons, we repeatedly used a 1-question instrument based on Goetz’s state
anxiety assessment (Goetz et al. 2013; Goetz et al. 2007). Three or four times per lesson
(depending on the length of the lesson) students were asked “Please select the number that shows
how anxious you feel at the moment in this lesson” and were presented with 5 options: 1- Not at
all anxious, 2- A little anxious, 3- Moderately anxious, 4- Very anxious, and 5- Extremely
anxious. We chose a brief instrument for state anxiety because longer instruments have a greater
risk of reporting student anxiety while taking the instrument and may not reflect actual student
anxiety levels in the moment during the lesson. As the timing of state anxiety assessments rarely
has a significant effect on reported state anxiety, we were confident in combining and averaging
all of each student’s state anxiety responses for each lessons to calculate the average state
anxiety students reported for the lesson (Conlon et al. 2021). To observe if treatment had an
effect on student anxiety levels while learning, we regularly surveyed students during the four
experimental lessons with the state anxiety instrument (Appendix E). Average anxiety for each
student for each lesson was calculated from the mean of 3-4 state anxiety measurements during
each lesson.

15

Cognitive Load
Two questions about the difficulty and the effort requirements of a task were adapted
from DeLeeuw’s publication on separate assessments of cognitive load and used in this study to
estimate intrinsic load and germane load (DeLeeuw and Mayer 2008). At the end of each of the
four lessons, students completed two survey questions gauging the amount of effort the lesson
required and how difficult the lesson was. The effort survey question asked “rate how much
effort this lesson required on a scale of 1 to 10 (1 representing very little effort and 10
representing a lot of effort).” For this instrument, a high level of effort would suggest students
may experience a high level of intrinsic load for the task. The difficulty survey questions asked
“rate how difficult this lesson was on a scale of 1 to 10 (1 representing very low difficulty and 10
representing very high difficulty).” For this instrument, a high level of difficulty would suggest
that students experience a low level of germane load, as we expect students with high germane
load will experience less difficulty when completing lessons. We chose brief cognitive load
instruments as students would also complete several state anxiety surveys in each lesson, and
embedding long instruments in lessons would be intrusive and distracting for the online learning
environment. Student response time is a validated assessment of extraneous load (DeLeeuw and
Mayer 2008). However, the delivery method of these experimental lessons did not allow us to
reliably measure response time, thus extraneous load was not explicitly investigated during this
study. Because prior research demonstrated that the effort instrument and the difficulty
instrument represented different constructs (intrinsic and germane load, respectively) and did not
always correlate, we chose not to combine them into an overall cognitive load indicator
(DeLeeuw and Mayer 2008). Thus, we analyzed and reported difficult and effort survey data
separately.
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Student Work Choice
We wanted to observe whether students in the diagram treatment group used diagrams,
equation letter symbols (including but not limited to X, Nstart, r, Nend, K, α, β, Pstart, and Pend),
both or neither in their written work while calculating population growth and deriving new
population growth models. Students were asked to submit images of their written work on all
lessons and assessment questions. We focused on coding the work images from the practice
lessons (lessons 2 and 4), because the diagram treatment group was taught both diagrams and
traditional equations on these lessons. In addition, we also coded all submitted student work from
the practice test and unit test to see which modeling methods students preferred to use during
population growth assessments. The author (SW) and two research assistants (CH and DC)
coded each question on whether it included a diagram, an equation letter symbol, both, or neither
type of work (examples of each shown in fig. 5). SW and CH coded lesson 2 (exponential and
logistic growth practice lesson) and the practice test. SW and DC coded lesson 4 (predator-prey
interactions practice lesson) and the unit test. Cohen’s κ was run for each pairing of coders to
determine if there was an agreement between each coder’s judgement on student work images.
For SW and CH, there was almost perfect agreement on 5019 coded population growth question
responses, with κ = .905, p < .0005. For SW and DC, there was almost perfect agreement on
5428 coded population growth question responses, with κ = .925, p < .0005. While coding and
analyzing student work data, the coding teams did not differentiate between students that did not
submit any work at all and students that did not submit work for specific questions. After each
researcher coded individually, each pair met and came to consensus on any student work image
coding that was initially coded differently.
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Practice Test
The practice test was a low-stakes practice assessment given to students to prepare for the
unit test. This assessment included several population growth questions using exponential,
logistic, and predator-prey interactions. It also included a stretch question (described below)
asking students to create a new a population growth model showing how competition between
two species would affect their growth over time, something they had never seen before. Students
were given answers to the practice test after completion. This test included five community
ecology questions as community ecology was covered in this unit, but these questions were not
used in this study.

Unit Test
The unit test included several population growth questions using exponential, logistic,
and predator-prey interactions that mirrored the Practice Test. It also included a stretch question
(described below) that asked students to derive a population growth model showing how
mutualism between two species would affect their growth over time, something they had never
seen before. This test also included five community ecology questions that were not used in this
study.

Stretch Questions
In addition to testing whether students could calculate population growth over time, we were
also interested in whether students would be able to derive models for new ecological
relationships if given appropriate scaffolding. To test this, we created four “stretch questions,”
named for their goal to stretch student abilities past the models they were explicitly taught during
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lessons. Originally lesson 2, lesson 4, the practice test, and the unit test all include a stretch
question. Unfortunately, lesson 2’s stretch question was not clearly written, which caused a lot of
confusion for students and did not accurately assess student ability to derive a new model, so its
data were not used in this study. Our three remaining stretch questions are summarized below.
1. At the end of lesson 4, students were asked to create a 3-level predator-prey interaction
model and calculate growth of three species (mouse, snake, and hawk) over one time
interval. While students were taught how to model a 2-level predator-prey interaction by
this point, they had not been exposed to a 3-level model yet.
2. At the end of the practice test, students were asked to create a model accounting for how
the competition between two species (African lion and spotted hyena) would affect their
growth over one time unit. Students were taught the concept of competition in a
community ecology lesson one week prior to the experimental population growth
modeling lessons. They were also given scaffolding through a written explanation of
competition rates and a hint to base their model off of the logistic growth model, but they
had not been asked to model growth with competition before this point in the study.
3. At the end of the unit test, students were asked to create a model accounting for how a
mutualistic relationship between two species (yucca plant and yucca moth) would affect
their growth over time. Students were taught the concept of mutualism in a community
ecology lesson one week prior to the experimental population growth modeling lessons,
and they were given scaffolding through a written explanation of mutualism rates and a
hint to base their model off of the logistic growth models. The competition model from
the practice test was also similar to the mutualism model, which provided additional
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scaffolding; however, students had not been asked to model growth with mutualism
before this point in the study.

Statistical Analysis
Multiple Linear Regression
We used multiple linear regression to predict outcome variables using student characteristics,
trends in written work preferences, and treatment group (Theobald and Freeman 2014). Each
multiple linear regression was tested to ensure it complied with the eight assumptions of multiple
regression:
1. The regression has a continuous dependent variable
2. The regression has two or more independent variables, which can be either continuous or
categorical.
3. The regression should have independence of observations (i.e., independence of
residuals).
4. Need to observe a linear relationship between the dependent variable and each of the
independent variables, and between the dependent variable and the independent variables
collectively.
5. Regression data needs to show homoscedasticity of residuals (equal error variances).
6. The regression data must not show multicollinearity, or in other words, the data should
not have two or more independent variables that are highly correlated with each other.
7. The regression data should have no significant outliers, high leverage points or highly
influential points.
8. Residuals (errors) are approximately normally distributed.
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Assumptions 1 and 2 were tested by evaluating the type of data each regression used using
SPSS statistics software. For assumption 3, independence of observations was checked using the
Durbin-Watson statistic. Assumption 4 was checked through scatterplots and partial regression
plots. Assumption 5 was checked by plotting the studentized residuals against the unstandardized
predicted values. Assumption 6 was checked by comparing correlation coefficients with
tolerance values, as any correlation coefficient over 0.7 indicated multicollinearity. Assumption
7 was checked with SPSS casewise diagnostics and studentized deleted residuals. Assumption 8
was checked using histograms with a superimposed normal curve. For the multiple linear
regressions in Table 3 five outliers were removed, in Table 5 two outliers were removed, in
Table 7 two were removed, and in Table 8 one was removed. In all cases removing the outliers
strengthened the model, and all multiple linear regression data are shown with outliers removed.
Testing Class Section for Random Effects
As the pool of students assigned to the two treatment groups came from a two sections of
a remote-instruction introductory biology class, it was prudent to check if class section had a
nesting effect on the data. We checked whether a random effect (course section) was needed in
our model according to the recommendations of Theobald (Theobald 2018). First, when taking
relevant group data into account on an empty model, the intraclass correlation coefficient of
course section as a random effect was ˂ 0.00. This suggests nesting did not explain variation in
the data, and that nesting did not impact results. To be thorough, we also used Akaike’s
Information Criterion corrected for small sample size (AICc) to check if including class section
as a random effect improved the full model (including Treatment, Math Anxiety, Math Ability,
Treatment*Anxiety, and Treatment*Ability) . The full model without random effects yielded
AICc=1486.56. In the model with section added as a random effect (including the other variables
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listed above) AICc= 1488.60. If anything, including section made the model worse, not better, so
we did not include section in our final analyses. Although the groups of students were nested in
two class sections (8 AM and 9 AM), they did not behave like nested data, so we did not perform
multi-level modeling in this study.

Statistical Software
Statistical analyses were performed in IBM SPSS Statistics 27, Prism Graphpad, and
Microsoft Excel. All error bars represent standard error of the mean.

Results
Group Equivalence
We first investigated whether the two treatment groups in this study (diagram treatment
and traditional treatment) were statistically equivalent in terms of their relevant academic
preparation prior to the study as well as their baseline levels of math anxiety. As summarized in
Table 1, the two treatment groups did not have statistically significant differences in terms of
their scientific reasoning ability (LCTSR), mathematical calculation ability, or existing math
anxiety levels (AMAS). We expected these two groups to be similar because of this study’s
experimental design, as students in the two treatment groups were randomly assigned from a
pool of students from two introductory biology class sections.
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Research Question 1
Does teaching students population growth diagrams before equations improve their
ability to calculate population growth? As shown in fig. 6, the diagram treatment group
performed significantly worse on population growth calculation questions in the introductory
lessons (lesson 1 p ˂ 0.01, and lesson 3 p ˂ 0.01). However, there was no significant difference
between treatment groups on lesson 2, which was a practice lesson for exponential and logistic
growth with higher question difficulty than the introductory lesson. In addition, the diagram
treatment group performed significantly better on population growth assessment questions on
lesson 4 than the traditional treatment group (p ˂ 0.01) (fig. 6). However, this difference was
entirely due to the diagram group’s higher performance on the model building stretch question at
the end of lesson 4. We observed no significant difference between treatment groups with
performance on population growth calculation questions on the low-stakes practice test or on the
high-stakes unit test (fig. 7).

Research Question 2
Does teaching students population growth diagrams before equations reduce the amount
of triggered math anxiety and the overall cognitive load students experience while calculating
population growth? The diagram group reported significantly less average state anxiety during
lesson 4 than the traditional group (p = 0.02). There was no significant difference between
treatment groups in average state anxiety on lessons 1-3 (fig. 8).
At the end of lesson 4, the diagram group reported a significantly lower amount of
difficulty than the traditional group (p = 0.04). There was no significant difference between
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treatment groups in the reported amount of difficulty experienced on lessons 1-3 (fig. 9). There
was no significant difference between treatment groups in the reported amount of effort each
lesson required on any of the four lessons (Table 2).
To test whether certain populations of students specifically experienced less anxiety or
difficulty in lesson 4, we performed multiple linear regression to predict average state anxiety or
difficulty rating using treatment, math anxiety, math ability, and interactions between treatment
and math anxiety or ability. As shown in Table 3, diagram treatment predicted decreased state
anxiety, and trait math anxiety predicted increased state anxiety as expected. This regression
hints that increased math ability may predict lower state anxiety during the lesson, but this was
not quite significant. Finally, we saw no significant interaction between treatment and student
math anxiety or math ability on state anxiety. As shown in Table 4, students in the diagram
treatment group reported lower difficulty during lesson 4, although this was not quite significant
once other predictors were added. High trait math anxiety predicted higher difficulty ratings, and
high math ability predicted lower difficulty ratings. However, we saw no significant interactions
between treatment and math anxiety or ability (Table 4).

Research Question 3
Does using population model diagrams as a calculation tool improve students’ ability to
calculate population growth? All coded student work data (including lesson 2, lesson 4, practice
test, and unit test) were compiled to calculate the average amount of times students used a
diagram to solve a population growth problem. We ran a multiple linear regression to predict
which of the diagram treatment group students would choose to use diagrams as a written
calculation tool on population growth questions. Within the diagram treatment group, scientific
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reasoning skills (LCTSR), math anxiety (AMAS), and math ability were not significant
predictors on whether students chose to draw population diagrams to solve population growth
questions (Table 5). This multiple linear regression violated the assumption for normal
distribution of residuals, but the regression was kept in this study as multiple linear regressions
are fairly robust to non-normality (Laerd_Statistics 2015). Only diagram treatment group
students were used for this analysis as the traditional treatment group were not taught population
diagrams.
To assess whether students who drew population growth diagrams in their written work
performed better than those who did not, we ran a multiple linear regression on calculation
performance in lesson 4 (the lesson that showed the greatest treatment effect on performance),
the practice test, and the unit test. This multiple linear regression violated the assumption for
normal distribution of residuals. However, the regression was kept in this study as multiple linear
regressions a fairly robust to non-normality (Table 6). Choosing to draw a diagram did not
predict success on lesson 4’s population modeling questions. Additional multiple linear
regressions showed that using diagrams in written work was not a significant predictor of student
performance on the practice test or the unit test (Tables 7 and 8). Surprisingly, there was a
significant negative interaction between math anxiety and drawing diagrams when predicting
performance on the practice test (Table 7). Using diagrams while solving population growth
calculation problems on the practice test hurt the performance of students with high math anxiety
on the practice test. The negative interaction between math anxiety and using diagrams
disappeared in the unit test, as the only significant predictor for performance on the unit test
among diagram treatment students was scientific reasoning ability (Table 8).

25

Research Question 4
Does teaching students population growth diagrams before equations improve their
ability to build new population growth models? The three stretch questions each gave students an
opportunity to create a novel population growth model. A significantly higher percentage of
diagram group students were able to build a new three-level predator-prey interaction model than
the traditional group students at the end of lesson 4 (Fisher Exact Test p ˂ 0.01, fig. 10). A
higher percentage of diagram group students were able to create a competition model at the end
of the practice test than the traditional group students, and a higher percentage of diagram group
students were able to create a mutualism model than traditional group students at the end of the
unit test, however these differences were not statistically significant.

Discussion
We tested a novel population modeling diagram pedagogy for teaching students to
calculate exponential growth, logistic growth, and predator-prey interactions, and build new
models based on those foundational models. We were especially interested to see if the diagram
pedagogy improved student performance on population calculations over the traditional equation
pedagogy, what effects diagram pedagogy had on student anxiety levels and cognitive load,
whether diagram pedagogy increased student ability to derive new population growth models,
and whether population diagrams were an effective calculation tool for students.
Research Question 1: The effects of learning population growth diagrams before equations
on calculation ability.
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We observed mixed results on whether teaching students population growth diagrams
before population growth equations improved their ability to calculate population growth.
Lessons 1 and 2 covered exponential and logistic growth, and the diagram group performed
worse than the traditional group in lesson 1 (fig 6A). The diagram treatment group especially
struggled on a multi-year logistic growth calculation question on lesson 1, while the equation
treatment group was more able to adapt to calculating for two time periods instead of one. After
learning exponential and logistic equations, the diagram group had no significant difference in
performance on lesson 2 when compared to the traditional group (fig. 6B). While exponential
and logistic growth diagrams did not seem to hurt student performance after students learned
exponential and logistic growth equations, the diagrams did not seem to help either. On the other
hand, lessons 3 and 4 covered predator-prey interactions, which had a different set of
accompanying models. Although the diagram group performed worse than the traditional group
on lesson 3 (fig. 6C), once they learned the predator-prey equations in lesson 4 the diagram
group performed significantly better than the traditional group on lesson 4’s practice questions (p
˂ 0.01, fig. 6D). It’s important to note that lesson 4 also included a model creation stretch
question, which the diagrams group performed significantly better on that the traditional group
(fig. 10A), which increased the diagram group’s overall lesson 4 score over the traditional
group’s lesson 4 score. There was no significant difference between treatment groups on other
predator-prey interaction calculation questions (data not shown).

Both the logistic model and the predator-prey interaction model are based on the same
exponential growth model (figs. 1-3), so it is difficult to say if the exponential growth diagram
itself helped students understand exponential growth modeling. The results do indicate that
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diagram before equation pedagogy does not help with calculation questions on models the
students have already learned. They also show that students did not especially benefit from
learning the logistic growth diagram, especially when accounting for more than one time unit
while solving a logistic growth calculation question. This could be because the “pie chart” image
representing carrying capacity was confusing to students, or because students using a logistic
diagram had to multiply a growth rate by a calculated percentage in the logistic diagram. In
addition, the logistic growth diagram required more skill to draw accurately, as students would
need to determine how large each portion of the circle for “resources in use” and “resources
available” should be if they wanted their pie chart to be accurate. Although not required by the
lessons, sizing the pie chart slices correctly could have created additional extraneous load,
negating the helpful influence of learning with population modeling diagrams. If the pie chart
portion of the logistic diagram was not intuitive or familiar to students, then it would not have
reduced the overall cognitive load of the task according to our experimental rationale. On the
other hand, the predator-prey interaction model used replicates of the exponential growth model
connected by additional rates, and did not include extra shapes like the circle in the logistic
model.
There was no significant performance difference between treatment groups on the low
stakes practice test or the high stakes unit test (fig. 7). Whatever advantage the diagram group
gained from exposure to the predator-prey diagrams disappeared by the time students took the
practice and unit tests (figs. 6 and 7). This could be indicative of a motivated pool of research
subjects. Test averages were high on both the practice and unit tests, suggesting that students
studied well so that they would be prepared for the tests. As we did not survey students on how
long they studied after completing the four experimental lessons, we do not know if students in
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one treatment group needed to study longer on average than students in the other treatment group
in order to perform equally well on the practice test and unit test. But with the current data, we
see that diagram modeling pedagogy certainly did not harm student population growth
calculation performance when compared to traditional pedagogy students.

Research Question 2: Learning population growth diagrams before equations can lead to
less triggered math anxiety and a lighter cognitive load.

Students in the diagram treatment group experienced significantly less average state
anxiety during lesson 4 than students in the traditional treatment group (fig. 8). However, the
population diagram pedagogy did not have a positive effect on average state anxiety in the other
three lessons. This suggests that some diagrams may be better than others at reducing math
anxiety. The logistic diagram with its “pie chart” calculations might have caused more stress to
students more than connecting rates to multiple populations did for the predator-prey interaction
diagram.
As for whether the treatment reduced the overall cognitive load of population modeling,
we did see a significant difference in lesson 4, the predator-prey interactions practice lesson.
Students in the diagram group gave lesson 4 a significantly lower difficulty rating than students
in the traditional group (fig. 9). According to the Deleeuw publication on cognitive load
assessment instruments, a low difficulty rating may indicate a high amount of germane load, as
previous studies found difficulty rating to be associated with transfer, and thus they interpreted
this rating to inversely reflect germane load (Debue and Van De Leemput 2014; DeLeeuw and
Mayer 2008). We did not see a similar trend in lesson 2, indicating that the logistic growth
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diagram did not have the same effect on difficulty level as the predator-prey interaction diagram
(fig. 8). There was not a significant difference between treatment groups in the effort rating
students gave each of the four lessons, which could indicate that the intrinsic load was not
significantly different based on treatment. This is understandable as the lesson versions were
written in a parallel fashion with similar (often identical) wording and matching practice
problems.

Research Question 3: Population growth diagrams as a calculation tool.

There were no discernable trends for which students chose to use diagrams as a
calculation tool to solve population growth questions. Neither math anxiety, nor math ability, nor
scientific reasoning ability were significant predictors for using population growth diagrams in
their written work (see Table 5). Because math anxiety was not a significant predictor of whether
students would choose to use population growth diagrams to solve population growth problems,
we can assume that population diagrams were not especially attractive to high anxiety students.
These findings were surprising, as we observed significant variation in work preference behavior
due to student math anxiety in a previous, similar study that used Punnett square diagrams to
teach population genetics principles and help students calculate allele, genotype, and phenotype
frequencies (Williams et al. 2021). In the population Punnett square study, students with higher
math anxiety tended to use diagrams more than students with lower math anxiety. However,
math anxiety had no discernable effect on student work preference while modeling population
growth. Because population growth requires a different kind of mathematics than population
genetics, it may have triggered less math anxiety. It is also possible that student math anxiety has
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a different effect on student behavior and performance in remote asynchronous classes vs. inperson classes. By offering the population modeling lessons on-demand, students did not need to
worry about the professor’s lecture pace and had ample time to absorb written explanations
(Finlayson 2014). Also, in asynchronous classes, student are able to attempt math questions and
get prompt feedback from the pre-written lesson module without being observed by their peers
(Shodahl and Diers 1984). The lack of time limitations and peer comparison could have
contributed to the absence of a math anxiety effect on population modeling student work choice.
Our evidence suggests that population model diagrams were not a more effective student
calculation tool than traditional equations when completing population growth problems. In
lesson 4, the lesson that diagram pedagogy had the overall greatest effect on, drawing diagrams
was not a significant predictor of performance on assessment questions (Table 6). Likewise,
drawing diagrams was not a significant predictor of performance on the practice test and unit test
(Tables 7 and 8). If anything, using diagrams to calculate population growth was harmful to
students with high math anxiety, as there was a statistically significant negative interaction
between math anxiety and the number of times students used diagrams to solve problems when
predicting performance on practice test questions.

Research Question 4: Diagrams help enable students to create new models.
The three stretch questions in our study gave students the opportunity to build a
population model depicting an ecological interaction they had not seen mathematically modeled
before. A significantly higher percentage of students in the diagram group were able to build an
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accurate three-level predator prey model than those in the traditional group (fig. 10). This
suggests that predator-prey diagram pedagogy improved student mastery of model building, as
the diagram group was more able to model a new type of interaction based on the 2-level
predator-prey diagraming scaffold. This is supported by the diagram group’s higher levels of
germane load in lesson 4 (fig. 9), as germane load is associated with transfer (Van Merriënboer
et al. 2006). The performance difference between the two treatment groups fades in the practice
test and unit test stretch questions. While the data hints that the diagram group might have
performed better than the traditional group on the practice test competition model creation
stretch question, the difference between the two groups is not statistically significant, and the two
treatment groups are nearly identical in their performance on the unit test mutualism model
derivation stretch question (fig. 10). To expand on why the two treatment groups performed
similarly on the competition and mutualism model building questions, both the competition and
the mutualism models were meant to be built off the foundation of the logistic growth model. We
observed no positive effectives from logistic model population diagram pedagogy on student
performance (fig. 6). The diagram group did not perform better than the traditional group on
competition and mutualism model creation because the logistic growth diagram was not a helpful
scaffold for the logistic growth equation. Although not all population diagrams can be helpful,
the predator-prey interaction diagram helped students to develop a foundational understanding of
predator-prey modeling relationships, which aided then in creating a new model that expanded
on predator-prey interaction fundamentals.

Implications for Instructors
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Students who were taught predator-prey population diagrams before predator-prey
equations performed significantly better on building a new predator-prey interaction model than
students who were only taught traditional predator-prey equations. This suggests that
diagramming population modeling could be more valuable to students as a way to teach
foundational population growth model relationships than as a student calculation tool. Learning
predator-prey diagrams helped students model a new predator-prey interaction scenario that they
had never seen before. Their increased ability to model new situations did not come from
drawing diagrams while calculating, as shown from the lack of a significant predictor on Tables
6-8, but rather because they were exposed to diagram pedagogy before traditional modeling
equations. If instructors choose to use diagrams to teach population growth, diagrams should be
used as a method to help students gain a foundational understanding of population growth
modeling. Calculating with diagrams may appeal to some students, but diagrams do not need to
be recommended as a calculation tool after students learn traditional population growth
equations. As many introductory biology classes strive to arm their students with knowledge that
can transfer to a wide variety of layman situations, population growth diagrams can help students
develop transferable understanding of mathematical models that can be applied to a wider variety
of everyday modeling interactions. In addition, population modeling diagrams can reduce the
anxiety students experience while learning population modeling. Implementing population
diagraming pedagogy in biology classrooms can reduce student anxiety and increase student
ability to create new models and approach new modeling situations. As long as the model is not
overly complicated, we recommend population growth diagrams as a soothing scaffold for
population modeling principles.
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Limitations and Follow-Up Research Recommendations

As this study was administered asynchronously through an online learning website,
students would sometimes begin a lesson on their computer and leave the lesson open without
actively engaging with the lesson for hours. Because of these behaviors, we were unable to track
how long each student spent completing the experimental lessons and tests. If we were able to
track these trends we might have been able to make conclusions about the effects of treatment on
extraneous load, as reaction time is a validated form of assessing extraneous load (DeLeeuw and
Mayer 2008).
If this study is repeated, we recommend surveying students on how long they studied
between each lesson and before the unit assessment. This will inform whether learning diagrams
then equations was more or less helpful for student learning and test performance than just
learning traditional population growth equations. In our study, both treatment groups performed
equally well on population modeling questions in the unit test, but we do not know if one group
studied significantly longer on average than the other in order to attain equivalent scores.
It would be enlightening to repeat the diagram population modeling pedagogy study in a
population with more diversity. The experiment was performed on a group of generally highachieving private university students. When testing a group of high-performing students, it is
more difficult to detect differences between two groups based on lesson treatment, so we could
have missed more nuanced effects of treatment on student performance. In addition, we could
not confidently investigate the effects of our treatment on first-generation college students,
ethnic and racial minorities, and non-traditional students because we did not have large
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populations of these students in our sample. However, some students in these categories may
benefit more than others from population growth diagram pedagogy (Girgis 2015).
While we originally planned to conduct this study through in-person classes, the COVID19 pandemic made it unsafe to teach large groups of students in the same classroom. While we
were able to adapt this study to remote learning, it would be beneficial to repeat the population
growth modeling study with in-person classes. The benefits of learning predator-prey diagrams
before predator-prey equations on state anxiety, model building, and germane load may or may
not continue in-person learning environments. We may also observe interactions between
treatment and student math anxiety in the classroom that were not present when lessons were
administered remotely and asynchronously. It is also difficult to confidently gauge whether the
amount of state anxiety students experienced while completing population growth lessons were
due to lesson pedagogy or external factors, as students completed the four experimental lessons
remotely in over 200 different environments, and some locations could be more anxiety-inducing
than others. An in-person follow-up study in a controlled classroom setting would expand our
understand of how population modeling diagrams and student anxiety interact.
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Appendix A: Figures

Figure 1. Exponential Growth Population Growth Diagram Example.
We modeled exponential growth visually by representing the starting and ending population
sizes with rectangles, and showing the flow of time with an arrow. In this model, net growth rate
was represented with an arrow and the change in population size was modeled with a triangle.
Students would multiply the starting population size with the growth rate, put that number in the
change triangle, and then add the starting population and the charge in population size to
calculate the ending population size. This model could be expanded by separating birth and death
rate, modeling multiple time units, including migration rates, and more.

Figure 2. Carrying Capacity and Logistic Growth Population Growth Diagram Example.
We represented carrying capacity in population growth diagrams with a circle, and asked
students to think about the existing number of individuals in a population using resources,
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leaving only some of the habitat’s resources available for use (left). To model logistic growth
visually, we started with the basic exponential growth model and including a percentage of
resources (or “room”) available in the habitat, which was multiplied to the net growth rate. This
diagram shows an example diagram of logistic growth for a population of 100 deer that have a
net growth rate of 0.2 deer per existing deer per year and a carrying capacity of 150 deer in the
habitat (right).

Figure 3. Predator-Prey Interactions Diagram Example.
We modeled how predator and prey can affect each other’s population growth through first
setting up two basic exponential growth models, one for the predator population and one for the
prey population. Following Lotka-Volterra assumptions, prey increase was solely based on the
prey birth rate. Prey decrease was dependent on predation, calculated by multiplying the starting
prey population size, the starting predator population size, and the predation rate. Predator
increase was dependent on converting prey into offspring, which was calculated by multiplying
the starting prey population size, the starting predator population size, and the efficiency rate.
Predator decrease was dependent on the predator death rate. Note that each shape and label in
this predator-prey diagram is labeled with words, not population equation symbols (r, Nstart , α,
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β). Students taught population diagrams were not exposed to population equation symbols until
after using the diagram to model and calculate predator-prey interactions.
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Figure 4. Experimental Study Design.
Two treatment groups were randomly assigned from a pool of two sections of online nonmajor
biology students. Each group completed the same practice questions on the four lessons;
however, the Diagram Group was taught visual modeling in the introductory lessons (1 and 3)
and traditional equations in the practice lessons (2 and 4) while the Traditional Group was taught
only traditional equations for all four lessons. Each lesson included scaffolding questions for
exploration, assessment questions, and at least three interspersed state anxiety survey questions
and two cognitive load survey questions.

Figure 5. Examples of Student Work Image Coding.
Students were asked to submit images of their written work when completing lessons and
assessments for the study. Each question with a submitted work image was evaluated by a team
of two coders, who categorized whether the work included a diagram, equation letter symbols,
both or neither. A An example of student work using a diagram. B An example of student work
using equation letter symbols. C An example of student work using both a diagram and equation
letter symbols. D An example of student work that used neither diagram or equation letter
symbols to solve the question.
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Figure 6. Student Performance on Lesson Assessment Questions by Treatment.
Average student performance by treatment group is shown for lessons 1 (Panel A), 2 (Panel B), 3
(Panel C), and 4 (Panel D). Results of independent t-tests are shown on the figures (*p<0.05, **
p<0.01, *** p<0.001, **** p<0.0005), with n=84-103 per bar.
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Figure 7. Student Performance on Practice Test and Unit Test by Treatment.
Average group performance by treatment group is shown for the practice test (Panel A) and the
unit test (Panel B). Results of independent t-tests are shown on the figures (*p<0.05, ** p<0.01,
*** p<0.001, **** p<0.0005), with n=86-101 per bar.
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Figure 8. Average Student Anxiety on Lessons 1-4 by Treatment.
Average reported state anxiety measurements group performance by treatment group is shown
for lessons 1 (Panel A), 2 (Panel B), 3 (Panel C), and 4 (Panel D). Results of independent t-tests
are shown on the figures (*p<0.05, ** p<0.01, *** p<0.001, **** p<0.0005), with n=85-103 per
bar.
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Figure 9. Reported Difficulty of Lessons 1-4 by Treatment.
Survey data for the difficulty of each lesson by treatment group is shown for lessons 1 (Panel A),
2 (Panel B), 3 (Panel C), and 4 (Panel D). Results of independent t-tests are shown on the figures
(*p<0.05, ** p<0.01, *** p<0.001, **** p<0.0005), with n=85-103 per bar.
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Figure 10. Student Performance on Stretch Questions by Treatment.
Percentage of student who were able to create a new population growth model for the three
stretch questions sorted by treatment. Percentage of students that created a three-level predatorprey model for lesson 4 (Panel A), percentage of students that created a competition model for
the practice test (Panel B), and students that created a mutualism model for the unit test (Panel
C). Results of Fisher Exact Tests are shown on the figures (*p<0.05, ** p<0.01, *** p<0.001,
**** p<0.0005), with n=79-101 per bar.
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Appendix B: Tables
Table 1: Treatment Group Equivalence
Diagram Group
Mean
SD
19.59
4.48
24.87
7.17
65.24
22.05

Variable
Scientific Reasoning
Math Anxiety
Math Ability

N
103
102
103

Traditional Group
Mean
SD
18.89
4.03
25.43
9.01
63.67
19.13

N
98
98
98

p value
p= 0.24
p= 0.63
p= 0.59

Table 2: Effort Survey Results for Lessons 1-4 by Treatment

Lesson 1
Lesson 2
Lesson 3
Lesson 4

Diagram Group
Mean
SD
6.81
2.029
5.44
2.354
5.83
2.681
5.66
2.612

N
103
103
102
98

Traditional Group
Mean
SD
6.77
2.199
5.01
2.175
5.37
2.437
5.92
2.411

N
92
79
89
85

p value
p = 0.911
p = 0.215
p = 0.216
p = 0.497

Table 3: Multiple Linear Regression Predicting Average State Anxiety in Lesson 4
R²
0.210

Adjusted R²
0.187

Variable
(Intercept)
Diagram Treatment
Math Anxiety
Math Ability
Math Anxiety*Diagram Treatment
Math Ability*Diagram Treatment

B
1.643
-0.222
0.320
-0.008
0.003
-0.001

SEB
0.284
0.108
0.007
0.003
0.014
0.006

β
-0.140
0.330
-0.199
0.018
-0.016

p value
˂ 0.001
0.041
˂ 0.001
0.006
0.804
0.828

Table 4: Multiple Linear Regression Predicting Difficulty Rating in Lesson 4
R²
0.173

Adjusted R²
0.150

Variable
(Intercept)
Diagram Treatment
Math Anxiety
Math Ability
Math Anxiety*Diagram Treatment
Math Ability*Diagram Treatment
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B
6.165
-0.619
0.060
-0.034
0.009
-0.014

SEB
0.921
0.347
0.022
0.009
0.044
0.018

β
-0.123
0.195
-0.273
0.015
-0.056

p value
˂ 0.001
0.076
0.008
˂ 0.001
0.841
0.442

Table 5: Multiple Linear Regression Predicting Whether Diagram Group Students Would
Use Diagram Drawings to Solve Population Growth Calculation Problems
R²
0.047

Adjusted R²
0.170

Variable
(Intercept)
Scientific Reasoning
Math Anxiety
Math Ability

B
0.242
-0.003
-0.002
-0.001

SEB
0.080
0.003
0.002
0.001

β
-0.091
-0.145
-0.152

p value
0.003
0.430
0.177
0.215

Table 6: Multiple Linear Regression Predicting Diagram Treatment Group Performance
on Lesson 4
R²
0.213

Adjusted R²
0.178

Variable
(Intercept)
Scientific Reasoning
Math Anxiety
Math Ability
% of times students used diagrams

B
17.092
3.316
-0.004
-0.176
-2.257

SEB
17.029
0.700
0.374
0.144
12.077

β
0.517
-0.001
-0.140
-0.017

p value
0.318
˂ 0.001
0.991
0.226
0.852

Table 7: Multiple Linear Regression Predicting Diagram Treatment Group Performance
on Practice Test
R²
0.224

Adjusted R²
0.171

Variable
(Intercept)
Scientific Reasoning
Math Anxiety
Math Ability
% of times students used diagrams
% of diagrams * Math Anxiety
% of diagrams * Math Ability
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B
54.988
0.861
0.070
0.176
-1.025
-2.246
0.686

SEB
9.943
0.378
0.213
0.078
6.456
0.942
0.403

β
0.258
0.036
0.271
-0.016
-0.273
0.201

p value
˂ 0.001
0.025
0.741
0.027
0.874
0.019
0.092

Table 8: Multiple Linear Regression Predicting Diagram Treatment Group Performance
on Unit Test
R²
0.224

Adjusted R²
0.173

Variable
(Intercept)
Scientific Reasoning
Math Anxiety
Math Ability
% of times students used diagrams
% of diagrams * Math Anxiety
% of diagrams * Math Ability
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B
71.631
1.107
-0.177
0.022
3.710
-1.070
0.073

SEB
7.326
0.286
0.158
0.057
4.317
0.912
0.309

β
0.432
-0.116
0.043
0.085
-0.133
0.025

p value
˂ 0.001
˂ 0.001
0.265
0.707
0.392
0.243
0.815

Appendix C: Pre-Assessment Instruments
Abbreviated Math Anxiety Scale (AMAS)
Hopko, D. R., Mahadevan, R., Bare, R. L., & Hunt, M. K. (2003). The abbreviated math anxiety
scale (AMAS) construction, validity, and reliability. Assessment, 10(2), 178-182.
Please rate each item below in terms of how anxious you would feel during the event specified.
(Answer
Options: 1 - Low Anxiety, 2 - Some Anxiety, 3 - Moderate Anxiety, 4 - Quite a bit of Anxiety, 5
- High Anxiety).
- Having to use the tables in the back of a mathematics book. _____
- Thinking about an upcoming mathematics test one day before. _____
- Watching a teacher work an algebraic equation on the blackboard. _____
- Taking an examination in a mathematics course. _____
- Being given a homework assignment of many difficult problems which is due the next class
meeting. _____
- Listening to a lecture in mathematics class. _____
- Listening to another student explain a mathematics formula. _____
- Being given a “pop” quiz in a mathematics class. _____
- Starting a new chapter in a mathematics book. _____
Math Ability Assessment
Correct answers are bolded and red.
In the image below, the small green bar fits into the long orange bar exactly 9 times. The small
green bar also fits into the medium purple bar exactly 4 times. How many times would the
medium purple bar fit into the large orange bar?

2.25 times
2.5 times
3 times
2.333 times
Not enough information provided
(Norton et al. 2015)
Every second, Julie travels j meters on her bike and Stewart travels s meters by walking, where
j > s. In any given amount of time, how will the distance covered by Julie compare with the
distance covered by Stewart?
Julie will travel j – s meters more than Stewart
Julie will travel j · s meters more than Stewart
Julie will travel j / s meters more than Stewart
Julie will travel j · s times as many meters as Stewart
Julie will travel j / s times as many meters as Stewart
(Byerley and Thompson 2014)
Consider a number line where point A is far to the left of another point B. A increases along the
number line at a rate of “a” units per second and B increases along the number line at a rate of
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“b” units per second, where a < b. Which of the following gives the rate at which the distance
between A and B is growing at any given moment?
a+b
ab
a/b
a-b
b-a
a
b
Not enough information given
(Credit to Dr. Steven Jones for adapting the concepts of the previous questions into a question
that requires the subtraction of rates instead of the division of rates)
Consider the equation y+x=z-yz. Solve the equation for z.
z= (x+y)/(y+2)
z= x/2y
z= -(x+y)
z= (y+x)/(1-y)
z cannot be isolated
(Credit to Dr. Steven Jones at BYU for creating this question. Samantha Wasson solved the
question incorrectly a several times to create the multiple-choice options)
An item is on sale for $100. This is a 20% discount from its original price. What was the original
price of the item before the discount?
$120
$125
$80
$75
$25
$20
(Credit to Dr. Steven Jones for creating this question)
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Appendix D: Lesson Text and Images
Unit Learning Objectives (available to students on Canvas)
Calculate expected population changes using an exponential growth model.
Calculate expected population changes using a logistic growth model.
Evaluate two population growth models based on real world data and determine which best
models the ecological system.
Derive equations of population growth for exponential and logistical growth.
Modify a population growth model when provided with more information about the ecological
system.
Calculate expected population changes using predator-prey interaction models.
Derive equations of predator population growth and prey population growth.
Lesson 1 Diagram Treatment
White-Tailed Deer
The White-Tailed Deer are the smallest members of the North American deer family. These
herbivores can live in a wide variety of habitats, including meadows, fields, and both deciduous
and coniferous forests. Although they generally lead solitary lives, groups of White-Tailed Deer
are often seen grazing together.

What factors could cause the size of a White-Tailed deer population to change? Name at least
four factors.
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Factors that Increase Deer Population
Here are a few factors that could cause the size of the deer population to change. They may be
similar to the ones you suggested:
Factor that increases the deer population
• How often the deer reproduce
Factors that decrease the deer population
• Predators hunting the deer
• Deer dying from old age
• Disease
Factors that affect both
• The availability of food water, shelter, or space
Notice how all of these factors affect the deer population’s birth rate (which causes an increase in
the deer population size) or the deer population’s death rate (which causes a decrease in the deer
population size) or both. We will be focuses on these two key rates for the rest of this module.
Are you ready to proceed?
Reviewing Rates
Speed is an example of a rate. If you were driving a car and saw your speedometer pointing at
65, you would know that you are traveling 65 miles per every 1 hour of travel.
In the case of speed, your distance is dependent on the amount of time you spend traveling.

Another rate you may be familiar with is the infection rate of viruses. Epidemiologists (experts
who study the spread and control of disease) use “rate of infection” to measure the average
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number of how many new people will be infected by a diseased person during a set amount of
time. Measles is a highly contagious virus that lives in the nose and throat mucus of an infected
person. It can spread to others through coughing and sneezing. In an unvaccinated population,
one infected person will spread measles to 15 other people over the course of two weeks. It
can take a month for a patient to completely recover from an initial measles infection.
We can represent the relationship between infected people and new infections using a ratio:

When measuring the spread of measles, the number of new infections is dependent on the
number of previously infected people.
Check your understanding: If a family of 5 people was recently infected with measles and moved
to a large town that did not have access to the measles vaccination, how many new measles
infections occurred after two weeks, and how many total people in the town would have measles
after two weeks? Use this diagram to organize your thoughts:

Hint: Triangles are often used as symbols of change in diagrams. In our diagram we can use a
triangle to represent how many new people were infected by measles.
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If you are participating in the study, be prepared to upload an image of your work for this
question after you have solved it.
Upload work for Measles Question
If you are participating in the study, please upload an image of the work you did to solve the
previous question.
If you are not participating in the study then you may skip this step.
Answer to Measles Question
Recap of the previous question:
Measles is a highly contagious virus that lives in the nose and throat mucus of an infected
person. It can spread to others through coughing and sneezing. In an unvaccinated population,
one infected person will spread measles to 15 other people over the course of two weeks. It
can take a month for a patient to completely recover from an initial measles infection.
Check your Understanding: If a family of 5 people was recently infected with measles and
moved to a large town that did not have access to the measles vaccination, how many new
measles infections occurred after two weeks, and how many total people in the town would have
measles after two weeks? Use this diagram to organize your thoughts.
Answer: In order to find the number of new infected people, you needed to multiply the number
of infected people at the start with the rate of infection.
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Now plug in the numbers given to you in the question.

You can expect 75 new infected people after two weeks. Now add the change in the number of
infected people to find the total number of infected people after two weeks. 80 people total will
have a measles infection after two weeks.
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Are you ready to proceed?
Rates to Predict Population Growth 1
Now let’s return our attention to the White-Tailed Deer.
If 12,567 adult deer produce 2,080 offspring over the course of one year, what is the deer
population’s birth rate?
If you are participating in the study, be prepared to upload an image of your work for this
question after you have solved it.
Upload work for deer birth rate question
If you are participating in the study, please upload an image of the work you did to solve the
previous question.
If you are not participating in the study then you may skip this step.
Rates to Predict Population Growth 2
Recap of previous question: If 12,567 adult deer produce 2,080 offspring over the course of one
year, what is the deer population’s birth rate?
Answer: The deer population’s birth rate is 0.166 offspring born per adult per year.

The rate that you calculated could also be considered a unit rate, as it tells you the number of
baby deer produced from each single adult deer in a population in one year.
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Reality Check! Does this mean that every adult deer makes 16.6% of a baby deer each year?
Certainly not. Every adult deer may not be able to produce offspring every year, some could be
too old, too sickly, or unable to find a mate. In addition, a healthy female deer can have up to
three fawns every year. Our calculated birth rate is an average of the population as a whole, not a
hard and fast quota for each individual’s reproductive contribution to the population size.
Question: What two things can you multiply together to find how many new deer offspring are
produced?
Answer for finding deer offspring question
Recap of previous question: What two things can you multiply together to find how many new
deer offspring are produced?
Answer: The deer population size and the deer birth rate.
Are you ready to proceed?
Survey 1
Please select the number that shows how anxious you feel at the moment in this lesson:
1- Not at all anxious
2- A little anxious
3- Moderately anxious
4- Very anxious
5- Extremely anxious
What is a Model?
George Box, a famous British Statistician, once said “All models are wrong, some are useful.” 1976
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A model is a simplified representation of a more complicated system.
Free Response Question: Can you think of some models you’ve used or seen in your everyday
life? Name at least three.
Follow-up on Models
Recap of previous question: Can you think of some models you’ve used or seen in your everyday
life? Name at least three.
Answer: Some examples of models can include physical models (such as a baking soda volcano
or a model train), visual models (such as diagrams or flow chats), or computer models
(simulations used for practical predictions or for entertainment in video games). What is
important here is that models are a simplified representation of a more complex system.
When modeling a system, there is a tradeoff between accuracy and generality.
Models that are very accurate are often specific to a particular system and may not be applicable
to a wider variety of situations.
Models that can be applied generally to a wide variety of situations may not be as accurate.
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Are you ready to proceed?
Creating a Visual Model of Population Growth
Imagine that you have a deer population of 100 individuals, then over the course of the year you
observe that 8 baby deer are born, and 5 deer die.
Question: Create a simple diagram to show how you would calculate the deer population size
after one year. Use rectangles to represent population sizes and triangles to represent changes in
population size. How many deer would you expect in this population after one year?
If you are participating in the study, be prepared to upload an image of your work for this
question after you have solved it.
Upload work for simple deer model
If you are participating in the study, please upload an image of the work you did to solve the
previous question.
If you are not participating in the study then you may skip this step.
Answer for simple deer model
Recap from previous question:
Imagine that you have a deer population of 100 individuals, then over the course of the year you
observe that 8 baby deer are born, and 5 deer die.
Create a simple diagram to show how you would calculate the deer population size after one
year. Use rectangles to represent population sizes and triangles to represent changes in
population size. How many deer would you expect in this population after one year?
Answer: Your population growth diagram should look something like this:
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Use the population information provided by the question.

You should add the starting population size with the increase due to births, then from that total
the decrease due to dear deaths. The ending dead population size after 1 year is 103 deer.
Are you ready to proceed?
Population Models with Rates
Ecologists are not able to constantly monitor animal population in order to count how many deer
are being born and dying. Instead, they use birth rates and death rates.
Adjust your population diagram to use birth rates and death rates to predict deer births and
deaths. Assume birth rate is the number of new animals born year per each existing animal, and
death rate is the number of animals that die each year per each animal. Use arrows to show how
the rates are multiplied to population size.
If you are participating in the study, please upload an image of the work you did to solve this
question.
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If you are not participating in the study, you still need to complete this question, but you do not
need to submit and image.
Follow up for Population Models with Rates
Question Recap: Adjust your population diagram to use birth rates and death rates to predict deer
births and deaths. Assume birth rate is the number of new animals born year per each existing
animal, and death rate is the number of animals that die each year per each animal. Use arrows to
show how the rates are multiplied to population size.
Answer:

Question: Given a starting population of 100 white-tailed deer, a birth rate of 0.35 per year, and a
death rate of 0.15 per year, predict the population size after 1 year. Use a diagram to solve this
problem.
If you are participating in the study, be prepared to upload an image of your work for this
question after you have solved it.
Upload work
If you are participating in the study, please upload an image of the work you did to solve the
previous question.
If you are not participating in the study then you may skip this step.
Answer
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Question recap: Given a starting population of 100 white-tailed deer, a birth rate of 0.35 per year,
and a death rate of 0.15 per year, predict the population size after 1 year. Use a diagram to solve
this problem.
Answer:

Start by multiplying the starting population (100) with the birth rate (0.35) to find the increase in
deer population due to birth (35). Also multiply the starting population (100) with the death rate
(0.15) to find the decrease in deer population to due death (-15).
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Combine the births and deaths with the starting population to find the new population size, which
was 120 deer after one year.
Are you ready to proceed?
Survey 2
Please select the number that shows how anxious you feel at the moment in this lesson:
1- Not at all anxious
2- A little anxious
3- Moderately anxious
4- Very anxious
5- Extremely anxious
Simplify Your Model
Consider how we can we simplify our population growth diagram to make it even easier to use.
Remember how we were able to use just one rate (rate of infection) to predict how many people
would get infected with measles? Describe how you can simplify your population growth model
so that it only needs one rate.
Answer to Simplify Your Model
Recap of Previous Question: Describe how you can simplify your population growth model so
that it only needs one rate.
Answer: By combining your birth and death rate, you can find a net (overall) growth rate. This
can simplify your model, which will be useful for the rest of the population growth lesson
module.
Growth rate = Birth rate - Death rate
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We can combine our birth and death rates into one general population growth rate. This tells us
the increase of the population after taking death into account. In order words, it tells us the net
population growth.
Adjust your population growth diagram to use growth rate instead of birth rate and death rate.
If you are participating in the study, please upload an image of your adjusted diagram.
If you are not participating in the study, you still need to complete this question, but you do not
need to submit and image.
Simplified Diagram
Recap of Previous Question: Adjust your population growth diagram to use growth rate instead
of birth rate and death rate.
Answer:

This diagram will only work for one time period (or in other words, if your rate is per year, this
diagram will only work for one-year increments). Now let’s try calculating growth over multiple
time periods.
Question: In March 2019, ecologists estimated that the Brownstone Valley had a population of
8,750 Red-bellied Woodpeckers with a growth rate of 0.2 per year. Assuming there are no other
factors affecting woodpecker population growth, how large can we expect the population of
woodpeckers to be in March 2021?
Hint: You may need to take a few steps to solve this question.
If you are participating in the study, be prepared to upload an image of your work for this
question after you have solved it.
Upload work
If you are participating in the study, please upload an image of the work you did to solve the
previous question.
If you are not participating in the study then you may skip this step.
Woodpecker Answer
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Recap of Previous Question: Red-bellied Woodpeckers with a growth rate of 0.2 per year.
Assuming there are no other factors affecting woodpecker population growth, how large can we
expect the population of woodpeckers to be in March 2021?
Hint: You may need to take a few steps to solve this question.
Answer:
First, calculate how large the population will be in 2020.

Use the information the question gave you.

71

Then use 2020’s population to calculate for 2021’s population size.

We estimate 12,600 woodpeckers living in Brownstone Valley in March 2021.
Are you ready to proceed?
Exponential Growth
The type of growth that we modeled together is called Exponential Growth. It is growth that
will continue seemingly indefinitely.
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Are you ready to proceed?
Survey 3
Please select the number that shows how anxious you feel at the moment in this lesson:
1- Not at all anxious
2- A little anxious
3- Moderately anxious
4- Very anxious
5- Extremely anxious
Spotted Seals
Observe this data on Spotted Seal population growth over time.
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Question: Why wouldn’t the seal population keep growing like the deer population graph we
looked at earlier? Brainstorm some reasons why.
Carrying Capacity
Recap of previous question: Why wouldn’t the seal population keep growing like the deer
population graph we looked at earlier? Brainstorm some reasons why.
Answer: Most populations have limited resources available to them. The seals may have a
limited amount of food, shelter, or territory available to them. They may be competing with other
species for their food or shelter as well.
Ecologists can take limited resources into account through using carrying capacity. Carrying
capacity is the maximum population size that a particular habitat can sustain. Carrying capacity
limits can come from limited food, water, shelter, space, or other habitat features. It will vary
between populations and species and can change over time as the environment changes. For
example, the carrying capacity of the deals living in the population represented above is around
7500 seals.
Carrying capacity can be represented in population diagrams as a large circle.
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Would our current modeling techniques accurately predict the seal population growth reflected in
this data? Probably not. We will need to adjust our population growth model to more accurately
reflect the Spotted Seal population size change over time.
Question: When will a population’s growth rate be the highest?
Carrying Capacity and Growth Rate
Growth rate is going to be highest when there is a large amount of available resources available
to the population. Thus, as a population size approaches the carrying capacity, its growth rate
will decrease as there will be fewer resources available to support more population growth. If we
know a population’s carrying capacity, we can use it to more accurately predict how that
population will grow over time.
Resource availability limits population growth, so it can be helpful to calculate how many
resources are available for future population growth. In other words, you can calculate how much
“room” is left in a habitat for a population to grow.
Question: If carrying capacity is represented as a full circle, how can you diagram the resources,
or “room,” still available for more population growth?
Answer to diagraming available resources
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Recap of previous question: If carrying capacity is represented as a full circle, how can you
diagram the resources, or “room,” still available for more population growth?
Answer:

If carrying capacity is the maximum number of individuals in a population, subtracting the
current population size from carrying capacity will leave you the amount of “room” there is for
future population growth.

This information can be condensed further, showing the starting population size taking up an
amount of the carrying capacity, with the remainder of the carrying capacity reflecting the
amount of "room" available for more individuals. It may be helpful to think of the difference
between current population and max population size as the amount of resources available for
further population growth.
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Question: You just calculated how may more individuals could like in a habitat using the
population size and carrying capacity. How can you convert this term to represent the portion of
resources (“room”) available for population growth? In other words, represent the percentage of
resources (“room”) available as a decimal.
Answer to Portion of Resources
Recap of previous question: You just calculated how may more individuals could like in a
habitat using the population size and carrying capacity. How can you convert this term to
represent the portion of resources (“room”) available for population growth? In other words,
represent the percentage of resources (“room”) available as a decimal.

Dividing available resource by the max carrying capacity gives you the percent of resources
available for further population growth.
For example, if a population has a carrying capacity of 100, and a starting population size of 75,
then you have 25 individuals’ resources available for growth, 25 divided by 100 is 0.25, so you
would expect to observe 25% of the population’s maximum growth rate.
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Question: Start with the last population growth model we made (shown below). Use the percent
of available resource we just calculated to change in this model in order to make the growth rate
depend on how close the population is to carrying capacity.
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If you are participating in the study, please upload an image of your adjusted diagram.
If you are not participating in the study, you still need to complete this question, but you do not
need to submit and image.
Answer for modified diagram
Answer:
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This type of growth is called Logistic Growth, as the population’s growth will be limited by the
resources in its habitat.
You can adjust your population model to accommodate the limits of the habitat’s carrying
capacity by multiplying the growth rate by the percentage of resources available in the habitat.
Question: Given a starting population of 100 white-tailed deer, a birth rate of 0.35 per year, and a
death rate of 0.15 per year, and a carrying capacity of 150 deer, predict the population size after
1 year. Use a population diagram to calculate this population growth.
If you are participating in the study, be prepared to upload an image of your work for this
question after you have solved it.
Upload work
If you are participating in the study, please upload an image of the work you did to solve the
previous question.
If you are not participating in the study then you may skip this step.
Answer for Deer Logistic Growth
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Recap of previous question: Given a starting population of 100 white-tailed deer, a birth rate of
0.35 per year, and a death rate of 0.15 per year, and a carrying capacity of 150 deer, predict the
population size after 1 year.
Answer: Put the given information into your diagram.

Combine the birth and death rates into a net growth rate (remember, birth rate – death rate =
growth rate). Then find the change in population size by multiplying the starting population size
with the growth rate and the portion of resources available and add that change in population size
to the starting deer population.

81

Our answer is 107 deer (round up to nearest whole deer). Don’t be alarmed if your model does
not calculate a whole number, these models are used for reliable estimation, but do not exacting
predict the growth of a population.
Are you ready to proceed?
Survey 4
Please select the number that shows how anxious you feel at the moment in this lesson:
1- Not at all anxious
2- A little anxious
3- Moderately anxious
4- Very anxious
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5- Extremely anxious
Comparing Two Models
Two scientists each propose a model for predicting ladybug population growth. Both agree that
the ladybugs have a birth rate of 0.47 per year and a death rate of 0.2 per year, but one believes
the carrying capacity of Provo is 10,000 ladybugs, while the other believes that the carrying
capacity is 50,000 ladybugs. Given a starting population of 4,000 ladybugs in 2017 and an
observed population size of 6,112 ladybugs in 2019 (two years later), which proposed carrying
capacity is closest to the actual carrying capacity for the Provo ladybug population?
If you are participating in the study, be prepared to upload an image of your work for this
question after you have solved it.
Upload work
If you are participating in the study, please upload an image of the work you did to solve the
previous question.
If you are not participating in the study then you may skip this step.
Answer for Comparing Two Models
Recap of previous question: Two scientists each propose a model for predicting ladybug
population growth. Both agree that the ladybugs have a birth rate of 0.47 per year and a death
rate of 0.2 per year, but one believes the carrying capacity of Provo is 10,000 ladybugs, while the
other believes that the carrying capacity is 50,000 ladybugs. Given a starting population of 4,000
ladybugs in 2017 and an observed population size of 6,112 ladybugs in 2019 (two years later),
which proposed carrying capacity is closest to the actual carrying capacity for the Provo ladybug
population?
Answer:
To decide which model best fits the Provo ladybug population, you must test each model and
compare it with the observed data.
First, find your population growth rate:
Growth rate = birth rate – death rate
Growth rate = 0.47 – 0.2
Growth rate = 0.27
Testing the 10,000 ladybug carrying capacity:
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The 10,000 ladybug carrying capacity model predicts 5320 ladybugs in 2019.
Testing the 50,000 ladybug carrying capacity:

84

The 50,000 ladybug carrying capacity model predicts 6,208 ladybugs in 2019.
The 50,000 ladybug carrying capacity model predicts a population size that is closer to the
observed data (6,112 ladybugs in 2019) than the 10,000 ladybug carrying capacity model, so we
can conclude that the proposed carrying capacity of 50,000 ladybugs is closest to the actual
carrying capacity for this population.
Are you ready to proceed?
Survey 5
Please select the number that shows how anxious you feel at the moment in this lesson:
1- Not at all anxious
2- A little anxious
3- Moderately anxious
4- Very anxious
5- Extremely anxious
Survey 6
Rate how much effort this lesson required on a scale of 1 to 10 (1 representing very little effort
and 10 representing a lot of effort).
Survey 7
Rate how difficult this lesson was on a scale of 1 to 10 (1 representing very low difficulty and 10
representing very high difficulty).
Lesson 1 Traditional Treatment
White-Tailed Deer
The White-Tailed Deer are the smallest members of the North American deer family. These
herbivores can live in a wide variety of habitats, including meadows, fields, and both deciduous
and coniferous forests. Although they generally lead solitary lives, groups of White-Tailed Deer
are often seen grazing together.
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What factors could cause the size of a White-Tailed deer population to change? Name at least
four factors.
Factors that Increase Deer Population
Here are a few factors that could cause the size of the deer population to change. They may be
similar to the ones you suggested:
Factor that increases the deer population
• How often the deer reproduce
Factors that decrease the deer population
• Predators hunting the deer
• Deer dying from old age
• Disease
Factors that affect both
• The availability of food water, shelter, or space
Notice how all of these factors affect the deer population’s birth rate (which causes an increase in
the deer population size) or the deer population’s death rate (which causes a decrease in the deer
population size) or both. We will be focuses on these two key rates for the rest of this module.
Are you ready to proceed?
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Reviewing Rates
Speed is an example of a rate. If you were driving a car and saw your speedometer pointing at
65, you would know that you are traveling 65 miles per every 1 hour of travel.
In the case of speed, your distance is dependent on the amount of time you spend traveling.

Another rate you may be familiar with is the infection rate of viruses. Epidemiologists (experts
who study the spread and control of disease) use “rate of infection” to measure the average
number of how many new people will be infected by a diseased person during a set amount of
time. Measles is a highly contagious virus that lives in the nose and throat mucus of an infected
person. It can spread to others through coughing and sneezing. In an unvaccinated population,
one infected person will spread measles to 15 other people over the course of two weeks. It
can take a month for a patient to completely recover from an initial measles infection.
We can represent the relationship between infected people and new infections using a ratio:

When measuring the spread of measles, the number of new infections is dependent on the
number of previously infected people.
Check your understanding: If a family of 5 people was recently infected with measles and moved
to a large town that did not have access to the measles vaccination, how many new measles
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infections occurred after two weeks, and how many total people in the town would have measles
after two weeks? weeks? Try using an equation to organize your thoughts.
How many new measles infections will occur after two weeks? Answer: 75 new measles
infections after two weeks.
5 (number of people infected with measles) x 15 (R0, or how new infections each infected
person can cause) = 75
How many total people with have measles in the town after two weeks? Answer: 80 people will
have measles in the town after two weeks
5 (number of people infected with measles) + 75 (new measles infections) = 80
Are you ready to proceed?
Rates to Predict Population Growth 1
Now let’s return our attention to the White-Tailed Deer.
If 12,567 adult deer produce 2,080 offspring over the course of one year, what is the deer
population’s birth rate?
If you are participating in the study, be prepared to upload an image of your work for this
question after you have solved it.
Upload work for deer birth rate question
If you are participating in the study, please upload an image of the work you did to solve the
previous question.
If you are not participating in the study then you may skip this step.
Rates to Predict Population Growth 2
Recap of previous question: If 12,567 adult deer produce 2,080 offspring over the course of one
year, what is the deer population’s birth rate?
Answer: The deer population’s birth rate is 0.166 offspring born per adult per year.

The rate that you calculated could also be considered a unit rate, as it tells you the number of
baby deer produced from each single adult deer in a population in one year.

Reality Check! Does this mean that every adult deer makes 16.6% of a baby deer each year?
Certainly not. Every adult deer may not be able to produce offspring every year, some could be
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too old, too sickly, or unable to find a mate. In addition, a healthy female deer can have up to
three fawns every year. Our calculated birth rate is an average of the population as a whole, not a
hard and fast quota for each individual’s reproductive contribution to the population size.
Question: What two things can you multiply together to find how many new deer offspring are
produced?
Answer for finding deer offspring question
Recap of previous question: What two things can you multiply together to find how many new
deer offspring are produced?
Answer: The deer population size and the deer birth rate.
Are you ready to proceed?
Survey 1
Please select the number that shows how anxious you feel at the moment in this lesson:
1- Not at all anxious
2- A little anxious
3- Moderately anxious
4- Very anxious
5- Extremely anxious
What is a Model?
George Box, a famous British Statistician, once said “All models are wrong, some are useful.” 1976

A model is a simplified representation of a more complicated system.
Free Response Question: Can you think of some models you’ve used or seen in your everyday
life? Name at least three.
Follow-up on Models
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Recap of previous question: Can you think of some models you’ve used or seen in your everyday
life? Name at least three.
Answer: Some examples of models can include physical models (such as a baking soda volcano
or a model train), visual models (such as diagrams or flow chats), or computer models
(simulations used for practical predictions or for entertainment in video games). What is
important here is that models are a simplified representation of a more complex system.
When modeling a system, there is a tradeoff between accuracy and generality.
Models that are very accurate are often specific to a particular system and may not be applicable
to a wider variety of situations.
Models that can be applied generally to a wide variety of situations may not be as accurate.

Are you ready to proceed?
Creating a Visual Model of Population Growth
Imagine that you have a deer population of 100 individuals, then over the course of the year you
observe that 8 baby deer are born, and 5 deer die.
Question: Create a simple diagram to show how you would calculate the deer population size
after one year. Use rectangles to represent population sizes and triangles to represent changes in
population size. How many deer would you expect in this population after one year?
If you are participating in the study, be prepared to upload an image of your work for this
question after you have solved it.
Upload work for simple deer model
If you are participating in the study, please upload an image of the work you did to solve the
previous question.
If you are not participating in the study then you may skip this step.
Answer for simple deer model
Recap of previous question: Imagine that you have a deer population of 100 individuals, then
over the course of the year you observe that 8 baby deer are born, and 5 deer die. Create a simple
equation to show how you would calculate the deer population size after one year.
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Answer: Final deer population = 100 + 8 -5 = 103 deer
Question: Now write a general equation that can be used anytime with symbols increase of
numbers. Use Nstart to refer to the starting population size, and Nend will refer to the population
size after a given amount of time. (“N” stands for the number of individuals).
If you are participating in the study, please upload an image of your response to this question.
If you are not participating in the study, you still need to complete this question, but you do not
need to upload an image.
Population Models with Rates
Recap of previous question: Now write a general equation that can be used anytime with
symbols increase of numbers. Use Nstart to refer to the starting population size, and Nend will
refer to the population size after a given amount of time. (“N” stands for the number of
individuals).
Answer: Nend = Nstart + B – D
(you may have used different symbols for the number of deer born and the number of dead deer,
but your equation should still have the same structure).
Ecologists are not able to constantly monitor animal population in order to count how many deer
are being born and dying. Instead, they use birth rates and death rates.
Question: Adjust your population equation to use birth rates and death rates to predict deer births
and deaths. Use b to represent the deer birth rate and d to represent the deer death rate.
If you are participating in the study, please upload an image of your response to this question.
If you are not participating in the study, you still need to complete this question, but you do not
need to upload an image.
Follow up for Population Models with Rates
Recap of previous question: Adjust your population equation to use birth rates and death rates to
predict deer births and deaths. Use b to represent the deer birth rate and d to represent the deer
death rate.
Answer: Nend = Nstart + b Nstart – d Nstart
Free Response Question: Given a starting population of 100 white-tailed deer, a birth rate of 0.35
per year, and a death rate of 0.15 per year, predict the population size after 1 year. Show how
you use a mathematical model to solve this problem and be prepared to upload an image of
your work.
Upload work
If you are participating in the study, please upload an image of the work you did to solve the
previous question.
If you are not participating in the study then you may skip this step.
Answer
Recap of previous question: Free Response Question: Given a starting population of 100 whitetailed deer, a birth rate of 0.35 per year, and a death rate of 0.15 per year, predict the population
size after 1 year.
Answer:
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Nend = Nstart + bNstart - dNstart
Nend = 100 + (0.35x100 – 0.15x100)
Nend = 100 + (35 – 15)
Nend = 100 + 20
Nend = 120
120 deer after 1 year.
Are you ready to proceed?
Survey 2
Please select the number that shows how anxious you feel at the moment in this lesson:
1- Not at all anxious
2- A little anxious
3- Moderately anxious
4- Very anxious
5- Extremely anxious
Simplify Your Model
Think about how can we simplify our population growth equation to make it even easier to use.
Remember how we were able to use just one rate (R0) to predict how many people would get
infected with measles? How can you simplify your population growth equation so that it only
needs one rate?
Answer to Simplify Your Model
Recap of previous question: Think about how can we simplify our population growth equation to
make it even easier to use. Remember how we were able to use just one rate (R0) to predict how
many people would get infected with measles? How can you simplify your population growth
equation so that it only needs one rate?
Answer:
By combining your birth and death rate, you can find a net (overall) growth rate, or “r.” This can
simplify your model, which will be useful for the rest of the population growth lesson module.
r=b-d
We can combine our birth and death rates into one general population growth rate. This tells us
the increase of the population after taking death into account. In order words, it tells us the net
population growth. This net growth rate is represented as just “r”. (You may have used a
different letter to symbolize the net growth rate, but we’ll be using “r” for the rest of these lesson
modules.)
Question: If you haven’t already tried it, adjust your population growth equation to use r, instead
of b and d.
If you are participating in the study, please upload an image of your response to this question.
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If you are not participating in the study, you still need to complete this question, but you do not
need to upload an image.
Woodpecker Question
Recap of previous question: If you haven’t already tried it, adjust your population growth
equation to use r, instead of b and d.
Answer: Nend = Nstart + rNstart
This equation will only work for one time period (or in other words, if your rate is per year, this
equation will only work for one-year increments). Now let’s try calculating growth over multiple
time periods.
Question: In March 2019, ecologists estimated that the Brownstone Valley had a population of
8,750 Red-bellied Woodpeckers with a growth rate of 0.2 per year. Assuming there are no other
factors affecting woodpecker population growth, how large can we expect the population of
woodpeckers to be in March 2021?
Hint: You may need to perform more than one calculation for this question.
If you are participating in the study, be prepared to upload an image of your work for this
question after you have solved it.
Upload Work
If you are participating in the study, please upload an image of the work you did to solve the
previous question.
If you are not participating in the study then you may skip this step.
Woodpecker Answer
Recap of previous question: In March 2019, ecologists estimated that the Brownstone Valley had
a population of 8,750 Red-bellied Woodpeckers with a growth rate of 0.2 per year. Assuming
there are no other factors affecting woodpecker population growth, how large can we expect the
population of woodpeckers to be in March 2021?
Hint: You may need to perform more than one calculation for this question.
Answer:
First, calculate how large the population will be in 2020.
N2020 = N2019 + rN2019
N2020 = 8750 + (0.2 x 8750)
N2020 = 10500
Then use 2020’s population to calculate for 2021’s population size.
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N2021 = N2020 + rN2020
N2021 = 10500 + (0.2 x 10500)
N2021 = 12600
We estimate 12,600 woodpeckers living in Brownstone Valley in March 2021.
Are you ready to proceed?
Exponential Growth
The type of growth that we modeled together is called Exponential Growth. It is growth that
will continue seemingly indefinitely.

Are you ready to proceed?
Survey 3
Please select the number that shows how anxious you feel at the moment in this lesson:
1- Not at all anxious
2- A little anxious
3- Moderately anxious
4- Very anxious
5- Extremely anxious
Spotted Seals
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Observe this data on Spotted Seal population growth over time.

Question: Why wouldn’t the seal population keep growing like the deer population graph we
looked at earlier? Brainstorm some reasons why.
Carrying Capacity
Recap of previous question: Why wouldn’t the seal population keep growing like the deer
population graph we looked at earlier? Brainstorm some reasons why.
Answer: Most populations have limited resources available to them. The seals may have a
limited amount of food, shelter, or territory available to them. They may be competing with other
species for their food or shelter as well.
Ecologists can take limited resources into account through using carrying capacity. Carrying
capacity is the maximum population size that a particular habitat can sustain. Carrying capacity
limits can come from limited food, water, shelter, space, or other habitat features. It will vary
between populations and species and can change over time as the environment changes. For
example, the carrying capacity of the deals living in the population represented above is around
7500 seals.
Carrying capacity is represented in mathematical models using the term “K”
Would our modeling techniques accurately predict the seal population growth reflected in this
data? Probably not. We will need to adjust our population growth model to more accurately
reflect the Spotted Seal population size change over time.
Question: When will a population’s growth rate be the highest?
Carrying Capacity and Growth Rate
Recap of previous question: When will a population’s growth rate be the highest?
Answer: When the population size is much lower than the carry capacity.
Growth rate is going to be highest when there is a large amount of available resources available
to the population. Thus, as a population size approaches the carrying capacity, its growth rate
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will decrease as there will be fewer resources available to support more population growth. If we
know a population’s carrying capacity, we can use it to more accurately predict how that
population will grow over time.
Resource availability limits population growth, so it can be helpful to calculate how many
resources are available for future population growth. In other words, you can calculate how much
“room” is left in a habitat for a population to grow.
Question: If carrying capacity is K, how can you calculate the resources, or “room,” still
available in for more population growth?
Answer to diagraming available resources
Recap of previous question: If carrying capacity is K, how can you calculate the resources, or
“room,” still available in for more population growth?
Answer: K - Nstart
If K is the maximum number of individuals in a population, subtracting the current population
size from K will leave you the amount of “room” there is for future population growth. It may be
helpful to think of the difference between current population and max population size as the
amount of resources available for further population growth.
Question: You just calculated how may more individuals could like in a habitat using the
population size and carrying capacity. How can you convert this term to represent the portion of
resources (“room”) available for population growth? In other words, represent the percentage of
resources (“room”) available as a decimal.
Answer to Portion of Resources
Recap of previous question: You just calculated how may more individuals could like in a
habitat using the population size and carrying capacity. How can you convert this term to
represent the portion of resources (“room”) available for population growth? In other words,
represent the percentage of resources (“room”) available as a decimal.
Answer: (K - Nstart) represents the amount of resources available for further population growth,
and K represents the maximum resources available. Thus, dividing available resource by the max
carrying capacity gives you the percent of resources available for further population growth.
For example, if a population has a carrying capacity of 100, and a starting population size of 75,
then you have 25 individuals’ resources available for growth, 25 divided by 100 is 0.25, so you
would expect to observe 25% of the population’s maximum growth rate.
Question: Start with the last population growth model we made, Nend = Nstart + rNstart . Use
the percent of available resource we just calculated to change in this model in order to make the
growth rate depend on how close the population is to carrying capacity.
If you are participating in the study, please upload an image of your response to this question.
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If you are not participating in the study, you still need to complete this question, but you do not
need to upload an image.
Answer for modified equation
Recap of previous question: Start with the last population growth model we made, Nend = Nstart
+ rNstart . Use the percent of available resource we just calculated to change in this model in
order to make the growth rate depend on how close the population is to carrying capacity.
Answer: Nend = Nstart +rNstart(K-Nstart/K)

This type of growth is called Logistic Growth, as the population’s growth will be limited by the
resources in its habitat.
You can adjust your population model to accommodate the limits of the habitat’s carrying
capacity by multiplying the growth rate by the percentage of resources available in the habitat.
Question: Given a starting population of 100 white-tailed deer, a birth rate of 0.35 per year, and a
death rate of 0.15 per year, and a carrying capacity of 150 deer, predict the population size after
1 year.
If you are participating in the study, be prepared to upload an image of your work for this
question after you have solved it.
Upload work
If you are participating in the study, please upload an image of the work you did to solve the
previous question.
If you are not participating in the study then you may skip this step.
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Answer for Deer Logistic Growth
Recap of the previous question: Given a starting population of 100 white-tailed deer, a birth rate
of 0.35 per year, and a death rate of 0.15 per year, and a carrying capacity of 150 deer, predict
the population size after 1 year.
Answer: 107 deer (round up to nearest whole deer). Don’t be alarmed if your model does not
calculate a whole number, these mathematical models are used for reliable estimation, but do not
exacting predict the growth of a population.
Nend = Nstart +(rNstart)(K-Nstart/K)
Nend = 100 +(0.2x100)(150-100/150)
Nend = 100 + (20)(50/150)
Nend = 100 + (20)(0.333)
Nend = 100 + (6.6)
Nend = 106.6
Are you ready to proceed?
Survey 4
Please select the number that shows how anxious you feel at the moment in this lesson:
1- Not at all anxious
2- A little anxious
3- Moderately anxious
4- Very anxious
5- Extremely anxious
Comparing Two Models
Two scientists each propose a model for predicting ladybug population growth. Both agree that
the ladybugs have a birth rate of 0.47 per year and a death rate of 0.2 per year, but one believes
the carrying capacity of Provo is 10,000 ladybugs, while the other believes that the carrying
capacity is 50,000 ladybugs. Given a starting population of 4,000 ladybugs in 2017 and an
observed population size of 6,112 ladybugs in 2019 (two years later), which proposed carrying
capacity is closest to the actual carrying capacity for the Provo ladybug population?
If you are participating in the study, be prepared to upload an image of your work for this
question after you have solved it.
Upload work
If you are participating in the study, please upload an image of the work you did to solve the
previous question.
If you are not participating in the study then you may skip this step.
Answer for Comparing Two Models
Recap of previous question: Two scientists each propose a model for predicting ladybug
population growth. Both agree that the ladybugs have a birth rate of 0.47 per year and a death
rate of 0.2 per year, but one believes the carrying capacity of Provo is 10,000 ladybugs, while the
other believes that the carrying capacity is 50,000 ladybugs. Given a starting population of 4,000
ladybugs in 2017 and an observed population size of 6,112 ladybugs in 2019 (two years later),
which proposed carrying capacity is closest to the actual carrying capacity for the Provo ladybug
population?
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To decide which model best fits the Provo ladybug population, you must test each model and
compare it with the observed data.
First, find your population growth rate:
r=b–d
r = 0.47 -0.2
r = 0.27
Testing the 10,000 ladybug carrying capacity:
Nend = Nstart +(rNstart)(K-Nstart/K)
N2018 = N2017 +(rN2017)(K-N2017/K)
N2018 = 4,000 +(0.27x4,000)(10,000-4,000/10,000)
N2018 = 4,648 ladybugs
N2019 = N2018 +(rN2018)(K-N2018/K)
N2019 = 4,648 +(0.27x4,648)(10,000-4,648/10,000)
N2019 = 5,320 ladybugs in 2019 using 10,000 carrying capacity.
Testing the 50,000 ladybug carrying capacity:
Nend = Nstart +(rNstart)(K-Nstart/K)
N2018 = N2017 +(rN2017)(K-N2017/K)
N2018 = 4,000 +(0.27x4,000)(50,000-4,000/50,000)
N2018 = 4,994 ladybugs
N2019 = N2018 +(rN2018)(K-N2018/K)
N2019 = 4,994 +(0.27x4,994)(50,000-4,994/50,000)
N2019 = 6,208 ladybugs using the 50,000 carrying capacity. (round up).
The 50,000 ladybug carrying capacity model predicts a population size that is closer to the
observed data (6,112 ladybugs in 2019) than the 10,000 ladybug carrying capacity model, so we
can conclude that the proposed carrying capacity of 50,000 ladybugs is closest to the actual
carrying capacity for this population.
Are you ready to proceed?
Survey 5
Please select the number that shows how anxious you feel at the moment in this lesson:
1- Not at all anxious
2- A little anxious
3- Moderately anxious
4- Very anxious
5- Extremely anxious
Survey 6
Rate how much effort this lesson required on a scale of 1 to 10 (1 representing very little effort
and 10 representing a lot of effort).
Survey 7
Rate how difficult this lesson was on a scale of 1 to 10 (1 representing very low difficulty and 10
representing very high difficulty).
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Lesson 2 Diagram Treatment
Question
We are going to review exponential and logistic population growth modeling and discuss
population growth equations.
As you may remember, exponential growth is the rapid and increasing expansion of a population
that occurs when resources are not limited.
Exponential growth is based on which factor(s)?
The starting population size
The population’s birth rate
The population’s death rate
All of the above
Question
Exponential growth is based on which factor(s)?
Answer: All of the above (starting population size, population birth rate, and population death
rate).
We used this diagram to visually model exponential population growth:

However, equations are also commonly used to mathematically model populations. Equations
allow us to use letters as symbols to represent factors of a population growth.
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Question: Write an equation to represent exponential growth and calculate the ending population
size. Use Nstart to refer to the starting population size and Nend to refer to the population size after
a given amount of time. (“N” stands for the number of individuals). Use b to represent the
population’s birth rate and d to represent the population’s death rate.
Hint: Note that this equation will show the same mathematical relationships as the diagrams we
made in the last lesson. For example, we still calculate the change in population size by
multiplying the starting population by the birth rate and subtracting from that the starting
population size times the death rate.
Question
Question: Write an equation to represent exponential growth and calculate the ending population
size. Use Nstart to refer to the starting population size and Nend to refer to the population size after
a given amount of time. (“N” stands for the number of individuals). Use b to represent the
population’s birth rate and d to represent the population’s death rate.
Hint: Note that this equation will show the same mathematical relationships as the diagrams we
made in the last lesson. For example, we still calculate the change in population size by
multiplying the starting population by the birth rate and subtracting from that the starting
population size times the death rate.
Answer: Nend = Nstart + bNstart – dNstart
Question: In the year 2015, a population of 180 red-bellied newts has a birth rate of 0.3 per year
and a death rate of 0.04 per year. Try using the exponential growth equation to calculate how
many newts were expected in 2016. Round to the nearest whole newt.
If you are participating in the study be prepared to upload an image of your work for this
question.
Question
If you are participating in the study, please upload an image of your work for the previous
question.
If you are not participating in the study, you may skip this step.
Question
Recap of previous question: In the year 2015, a population of 180 red-bellied newts has a birth
rate of 0.3 per year and a death rate of 0.04 per year. Try using the exponential growth equation
to calculate how many newts were expected in 2016. Round to the nearest whole number.
Answer: 227 newts (rounded up from 226.8).
Nend = Nstart + b Nstart – d Nstart
N2016 = N2015 + b N2015 – d N2015
N2016 = 180 + (0.3 x 180) – (0.04 x 180)
N2016 = 180 + (0.3 x 180) – (0.04 x 180)
N2016 = 180 + 54 – 7.2
N2016 = 226.8
Are you ready to proceed?
Question
You were able to further simplify the exponential growth diagram by combining birth and death
rate into a net growth rate.
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The same can be done with equations. Growth rate is symbolized as “r” in population equations.
r = b – d (growth rate is equal to birth rate minus death rate)
Question: Write an equation to represent exponential growth and calculate the ending population
size. Use r to represent growth rate.
Question
Recap of previous question: Write an equation to represent exponential growth and calculate the
ending population size. Use r to represent growth rate.
Answer: Nend = Nstart + rNstart
Question: Two scientists observed a population of 1,080 wild hogs in a private, fenced-in nature
preserve in February 2020. Dr. Jones predicts that the hogs have a growth rate of 0.23 per year,
while Dr. Bloom predicts that the hogs have a growth rate of 0.34 per year. If they return to the
nature preserve in February 2021 and see 1,342 hogs, which scientist’s prediction was closer to
the wild hog growth rate?
Dr. Jones, growth rate 0.23 per year
Dr. Bloom, growth rate 0.34 per year
If you are participating in the study be prepared to upload an image of your work for this
question.
Question
If you are participating in the study, please upload an image of your work for the previous
question.
If you are not participating in the study, you may skip this step.
Question
Recap of previous question: Two scientists observed a population of 1,080 wild hogs in a
private, fenced-in nature preserve in February 2020. Dr. Jones predicts that the hogs have a
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growth rate of 0.23 per year, while Dr. Bloom predicts that the hogs have a growth rate of 0.34
per year. If they return to the nature preserve in February 2021 and see 1,342 hogs, which
scientist’s prediction was closer to the wild hog growth rate?
Answer: Dr. Jones, growth rate of 0.23 per year
Calculate the actual growth rate of the hogs from the information given in the problem
Nend = Nstart + rNstart
N2021 = N2020 + rN2020
1,342 = 1,080 + (r x 1,080)
262 = (r x 1,080)
r = 0.243
Dr. Jones’ estimate was 0.23, which is closer to 0.243 than Dr. Bloom’s estimate of 0.34.
Are you ready to proceed?
Survey 3
Please select the number that shows how anxious you feel at the moment in this lesson:
1- Not at all anxious
2- A little anxious
3- Moderately anxious
4- Very anxious
5- Extremely anxious
Question
In January 2005 a population of 1,200 finches lived on an isolated island. They had a birth rate of
0.25 per year and a death rate of 0.2 per year. On December 31st, 2005, a ship accidentally
released an additional 50 finches onto the island. How many finches were on the island in
January 2006? Use either a diagram or an equation to show your work.
If you are participating in the study be prepared to upload an image of your work for this
question.
Question
If you are participating in the study, please upload an image of your work for the previous
question.
If you are not participating in the study, you may skip this step.
Question
Recap of previous question: In January 2005 a population of 1,200 finches lived on an isolated
island. They had a birth rate of 0.25 per year and a death rate of 0.2 per year. On December 31st,
2005, a ship accidentally released an additional 50 finches onto the island. How many finches
were on the island in January 2006? Use either a diagram or an equation to show your work.
Answer: 1,310 finches in January 2006
Combine your birth and death rate to find your growth rate
r=b–d
r = 0.25 – 0.2
r = 0.05
Calculate population growth, then add the additional finches brought to the island from the ship.
Diagram:
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Equation:
N2006 = N2005 + rN2005 + Nship (you may have used a different symbol for the ship finches and
that’s okay).
N2006 = 1200 + (0.05 x 1200) + 50
N2006 = 1200 + (60) + 50
N2006 = 1,310
Are you ready to proceed?
Survey 2
Please select the number that shows how anxious you feel at the moment in this lesson:
1- Not at all anxious
2- A little anxious
3- Moderately anxious
4- Very anxious
5- Extremely anxious
Question
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Now let’s review logistic growth. Most populations have limited resources available to them, and
those limited resources will affect their growth. If a population has a maximum limit of
individuals it can hold, then you will be calculating logistic growth instead of exponential
growth. In the last lesson you modeled logistic growth with this diagram:

Ecologists can take limited resources into account by calculating a carrying capacity. Carrying
capacity is the maximum population size that a particular habitat can sustain. Carrying capacity
is represented in equations using the term “K.”
To find the “room” available for more population growth, you modeled this calculation
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We can represent that in an equation as K - Nstart = “room” available
Then to find the portion of room available, you need to divide the “room” available by the
carrying capacity (or total amount of “room”). Thus, to find the portion of resources available for
further population growth, you need to find (K-Nstart)/K.
Question: Start with the exponential growth equation Nend = Nstart + rNstart . Turn it into a logistic
growth equation by taking carrying capacity into account.
Question
Recap of previous question: Start with the exponential growth equation Nend = Nstart + rNstart .
Turn it into a logistic growth equation by taking carrying capacity into account.
Answer: Nend = Nstart +rNstart((K-Nstart)/K)
Question: A large population of viceroy butterflies live in the Utah valley. Ecologists estimate
that they have a birth rate of 0.48 and a death rate of 0.33 per year. The viceroy butterfly
population must compete with other insects for food and other resources in the Utah valley, and
ecologists estimate that this creates a carrying capacity of 29,000 viceroy butterflies. If 14,700
viceroy butterflies lived in the Utah valley in May 2020, how many can we expect in May 2021?
Try using the logistic growth equation to solve this question. Round to the nearest whole
number.
If you are participating in the study be prepared to upload an image of your work for this
question.
Question
If you are participating in the study, please upload an image of your work for the previous
question.
If you are not participating in the study, you may skip this step.
Question
Question: A large population of viceroy butterflies live in the Utah valley. Ecologists estimate
that they have a birth rate of 0.48 and a death rate of 0.33 per year. The viceroy butterfly
population must compete with other insects for food and other resources in the Utah valley, and
ecologists estimate that this creates a carrying capacity of 29,000 viceroy butterflies. If 14,700
viceroy butterflies lived in the Utah valley in May 2020, how many can we expect in May 2021?
Try using the logistic growth equation to solve this question. Round to the nearest whole
number.
Answer: 15,787 viceroy butterflies in May 2021
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r=b–d
r = 0.48 – 0.33
r = 0.15
Nend = Nstart +rNstart((K-Nstart)/K)
N2021 = N2020 +rN2020((K-N2020)/K)
N2021 = 14,700 +(0.15 x 14,700N2020)((29,000-14,700)/29,000)
N2021 = 14,700 +(2205)((14300)/29,000)
N2021 = 14,700 +(2205)(0.493)
N2021 = 14,700 +1087.293
N2021 = 15,787.293
Are you ready to proceed?
Survey 2
Please select the number that shows how anxious you feel at the moment in this lesson:
1- Not at all anxious
2- A little anxious
3- Moderately anxious
4- Very anxious
5- Extremely anxious
Question
In 2020, a population of 120 wolves lived in in the Suncrest mountain range. They have a birth
rate of 0.38, a death rate of 0.11, and a carrying capacity of 300 wolves. The wolves constantly
fight for territory, and as a result about 10% of the wolf population migrates out of the Suncrest
mountain range each year in search of new territory. How many wolves would we expect in the
Suncrest mountain range in 2021? Round to the nearest whole number. Use either a diagram or
an equation to show your work.
If you are participating in the study be prepared to upload an image of your work for this
question.
Question
If you are participating in the study, please upload an image of your work for the previous
question.
If you are not participating in the study, you may skip this step.
Question
Recap of previous question: In 2020, a population of 120 wolves lived in in the Suncrest
mountain range. They have a birth rate of 0.38, a death rate of 0.11, and a carrying capacity of
300 wolves. The wolves constantly fight for territory, and as a result about 10% of the wolf
population migrates out of the Suncrest mountain range each year in search of new territory.
How many wolves would we expect in the Suncrest mountain range in 2021? Round to the
nearest whole number. Use either a diagram or an equation to show your work.
Answer: 132 wolves in 2021.
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If 10% of the wolves migrate out of the population each year, this means that the migration rate,
“m,” is 0.1.
Usually r = b – d, however since the migration rate is also lowering the number of wolves in the
population, you also need to subtract migration rate “m” from the birth rate.
r=b–d–m
r = 0.38 – 0.11 – 0.1
r = 0.17
You can then plug this new rate into your logistic growth equation or logistic growth diagram
and calculate as usual.
Nend = Nstart +rNstart((K-Nstart)/K)

Are you ready to proceed?
Survey 6
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Rate how much effort this lesson required on a scale of 1 to 10 (1 representing very little effort
and 10 representing a lot of effort).
Survey 7
Rate how difficult this lesson was on a scale of 1 to 10 (1 representing very low difficulty and 10
representing very high difficulty).
Lesson 2 Traditional Treatment
Question
We are going to review exponential and logistic population growth modeling and discuss
population growth equations.
As you may remember, exponential growth is the rapid and increasing expansion of a population
that occurs when resources are not limited.
Exponential growth is based on which factor(s)?
The starting population size
The population’s birth rate
The population’s death rate
All of the above
Question
Recap of previous question: Exponential growth is based on which factor(s)?
Answer: All of the above (starting population size, population's birth rate, and population's death
rate)
Equations are commonly used to mathematically modeling populations. Equations allow us to
use letters as symbols to represent factors of a population growth.
Question: Rewrite an equation to represent exponential growth and calculate the ending
population size. Use Nstart to refer to the starting population size and Nend to refer to the
population size after a given amount of time. (“N” stands for the number of individuals). Use b
to represent the population’s birth rate and d to represent the population’s death rate.
Hint: We calculate the change in population size by multiplying the starting population by the
birth rate and subtracting from that the starting population size times the death rate.
Question
Recap of previous question: Rewrite an equation to represent exponential growth and calculate
the ending population size. Use Nstart to refer to the starting population size and Nend to refer to
the population size after a given amount of time. (“N” stands for the number of individuals). Use
b to represent the population’s birth rate and d to represent the population’s death rate.
Hint: We calculate the change in population size by multiplying the starting population by the
birth rate and subtracting from that the starting population size times the death rate.
Answer: Nend = Nstart + b Nstart – d Nstart
Question: In the year 2015, a population of 180 red-bellied newts has a birth rate of 0.3 and a
death rate of 0.04 per year. Use the exponential growth equation to calculate how many newts
were expected in 2016. Round to the nearest whole newt.
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If you are participating in the study be prepared to upload an image of your work for this
question.
Question
If you are participating in the study, please upload an image of your work for the previous
question.
If you are not participating in the study, you may skip this step.
Question
Recap of previous question: In the year 2015, a population of 180 red-bellied newts has a birth
rate of 0.3 per year and a death rate of 0.04 per year. Try using the exponential growth equation
to calculate how many newts were expected in 2016. Round to the nearest whole number.
Answer: 227 newts (rounded up from 226.8).
Nend = Nstart + b Nstart – d Nstart
N2016 = N2015 + b N2015 – d N2015
N2016 = 180 + (0.3 x 180) – (0.04 x 180)
N2016 = 180 + (0.3 x 180) – (0.04 x 180)
N2016 = 180 + 54 – 7.2
N2016 = 226.8
Are you ready to proceed?
Question
You can further simplify the exponential growth equation by combining birth and death rate into
a net growth rate.
Growth rate is symbolized as “r” in population equations.
r = b – d (growth rate is equal to birth rate minus death rate)
Question: Rewrite an equation to represent exponential growth and calculate the ending
population size. Use r to represent growth rate.
Question
Recap of previous question: Write an equation to represent exponential growth and calculate the
ending population size. Use r to represent growth rate.
Answer: Nend = Nstart + rNstart
Question: Two scientists observed a population of 1,080 wild hogs in a private, fenced-in nature
preserve in February 2020. Dr. Jones predicts that the hogs have a growth rate of 0.23 per year,
while Dr. Bloom predicts that the hogs have a growth rate of 0.34 per year. If they return to the
nature preserve in February 2021 and see 1,342 hogs, which scientist’s prediction was closer to
the wild hog growth rate?
Dr. Jones, growth rate 0.23 per year
Dr. Bloom, growth rate 0.34 per year
If you are participating in the study be prepared to upload an image of your work for this
question.
Question
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If you are participating in the study, please upload an image of your work for the previous
question.
If you are not participating in the study, you may skip this step.
Question
Recap of previous question: Two scientists observed a population of 1,080 wild hogs in a
private, fenced-in nature preserve in February 2020. Dr. Jones predicts that the hogs have a
growth rate of 0.23 per year, while Dr. Bloom predicts that the hogs have a growth rate of 0.34
per year. If they return to the nature preserve in February 2021 and see 1,342 hogs, which
scientist’s prediction was closer to the wild hog growth rate?
Answer: Dr. Jones, growth rate of 0.23 per year
Calculate the actual growth rate of the hogs from the information given in the problem
Nend = Nstart + rNstart
N2021 = N2020 + rN2020
1,342 = 1,080 + (r x 1,080)
262 = (r x 1,080)
r = 0.243
Dr. Jones’ estimate was 0.23, which is closer to 0.243 than Dr. Bloom’s estimate of 0.34.
Are you ready to proceed?
Survey 1
Please select the number that shows how anxious you feel at the moment in this lesson:
1- Not at all anxious
2- A little anxious
3- Moderately anxious
4- Very anxious
5- Extremely anxious
Question
In January 2005 a population of 1,200 finches lived on an isolated island. They had a birth rate of
0.25 per year and a death rate of 0.2 per year. On December 31st, 2005, a ship accidentally
released an additional 50 finches onto the island. How many finches were on the island in
January 2006? Use either a diagram or an equation to show your work.
If you are participating in the study be prepared to upload an image of your work for this
question.
Question
If you are participating in the study, please upload an image of your work for the previous
question.
If you are not participating in the study, you may skip this step.
Question
Recap of previous question: In January 2005 a population of 1,200 finches lived on an isolated
island. They had a birth rate of 0.25 per year and a death rate of 0.2 per year. On December 31st,
2005, a ship accidentally released an additional 50 finches onto the island. How many finches
were on the island in January 2006? Use an equation to show your work.
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Answer: 1,310 finches in January 2006
Combine your birth and death rate to find your growth rate
r=b–d
r = 0.25 – 0.2
r = 0.05
Calculate population growth, then add the additional finches brough to the island from the ship.
N2006 = N2005 + rN2005 + Nship (you may have used a different symbol for the ship finches and
that’s okay).
N2006 = 1200 + (0.05 x 1200) + 50
N2006 = 1200 + (60) + 50
N2006 = 1,310
Are you ready to proceed?
Survey 2
Please select the number that shows how anxious you feel at the moment in this lesson:
1- Not at all anxious
2- A little anxious
3- Moderately anxious
4- Very anxious
5- Extremely anxious
Question
Now let’s review logistic growth. Most populations have limited resources available to them, and
those limited resources will affect their growth. If a population has a maximum limit of
individuals it can hold, then you will be calculating logistic growth instead of exponential
growth.
Ecologists can take limited resources into account by calculating a carrying capacity. Carrying
capacity is the maximum population size that a particular habitat can sustain. Carrying capacity
is represented in equations using the term “K.”
To find the “room” available for more population growth, you determined K - Nstart = “room”
available
Then to find the portion of room available, you need to divide the “room” available by the
carrying capacity (or total amount of “room”). Thus, to find the portion of resources available for
further population growth, you need to find (K-Nstart)/K.
Question: Start with the exponential growth equation Nend = Nstart + rNstart . Turn it into a logistic
growth equation by taking carrying capacity into account.
Question
Question: Start with the exponential growth equation Nend = Nstart + rNstart . Turn it into a logistic
growth equation by taking carrying capacity into account.
Answer: Nend = Nstart +rNstart((K-Nstart)/K)
A large population of viceroy butterflies live in the Utah valley. Ecologists estimate that they
have a birth rate of 0.48 and a death rate of 0.33 per year. The viceroy butterfly population must
compete with other insects for food and other resources in the Utah valley, and ecologists
estimate that this creates a carrying capacity of 29,000 viceroy butterflies. If 14,700 viceroy
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butterflies lived in the Utah valley in May 2020, how many can we expect in May 2021? Round
to the nearest whole number.
If you are participating in the study be prepared to upload an image of your work for this
question.
Question
If you are participating in the study, please upload an image of your work for the previous
question.
If you are not participating in the study, you may skip this step.
Question
Recap of previous question: A large population of viceroy butterflies live in the Utah valley.
Ecologists estimate that they have a birth rate of 0.48 and a death rate of 0.33 per year. The
viceroy butterfly population must compete with other insects for food and other resources in the
Utah valley, and ecologists estimate that this creates a carrying capacity of 29,000 viceroy
butterflies. If 14,700 viceroy butterflies lived in the Utah valley in May 2020, how many can we
expect in May 2021? Round to the nearest whole number.
Answer: 15,787 viceroy butterflies
r=b–d
r = 0.48 – 0.33
r = 0.15
Nend = Nstart +rNstart((K-Nstart)/K)
N2021 = N2020 +rN2020((K-N2020)/K)
N2021 = 14,700 +(0.15 x 14,700N2020)((29,000-14,700)/29,000)
N2021 = 14,700 +(2205)((14300)/29,000)
N2021 = 14,700 +(2205)(0.493)
N2021 = 14,700 +1087.293
N2021 = 15,787.293
Are you ready to proceed?
Survey 3
Please select the number that shows how anxious you feel at the moment in this lesson:
1- Not at all anxious
2- A little anxious
3- Moderately anxious
4- Very anxious
5- Extremely anxious
Question
In 2020, a population of 120 wolves lived in in the Suncrest mountain range. They have a birth
rate of 0.38, a death rate of 0.11, and a carrying capacity of 300 wolves. The wolves constantly
fight for territory, and as a result about 10% of the wolf population migrates out of the Suncrest
mountain range each year in search of new territory. How many wolves would we expect in the
Suncrest mountain range in 2021? Round to the nearest whole number.
113

If you are participating in the study be prepared to upload an image of your work for this
question.
Question
If you are participating in the study, please upload an image of your work for the previous
question.
If you are not participating in the study, you may skip this step.
Question
Recap of previous question: In 2020, a population of 120 wolves lived in in the Suncrest
mountain range. They have a birth rate of 0.38, a death rate of 0.11, and a carrying capacity of
300 wolves. The wolves constantly fight for territory, and as a result about 10% of the wolf
population migrates out of the Suncrest mountain range each year in search of new territory.
How many wolves would we expect in the Suncrest mountain range in 2021? Round to the
nearest whole number.
Answer: 132 wolves in 2021.
If 10% of the wolves migrate out of the population each year, this means that the migration rate,
“m,” is 0.1.
Usually r = b – d, however since the migration rate is also lowering the number of wolves in the
population, you also need to subtract migration rate “m” from the birth rate.
r=b–d–m
r = 0.38 – 0.11 – 0.1
r = 0.17
You can then plug this new rate into your growth equation and calculate as usual.
Nend = Nstart +rNstart((K-Nstart)/K)
Are you ready to proceed?
Survey 4
Please select the number that shows how anxious you feel at the moment in this lesson:
1- Not at all anxious
2- A little anxious
3- Moderately anxious
4- Very anxious
5- Extremely anxious
Effort Survey
Rate how much effort this lesson required on a scale of 1 to 10 (1 representing very little effort
and 10 representing a lot of effort).
Difficulty Survey
Rate how difficult this lesson was on a scale of 1 to 10 (1 representing very low difficulty and 10
representing very high difficulty).
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Lesson 3 Diagram Treatment

Question

In the last two lessons, we discussed rates that were dependent on time.
Examples of rates
Speed: distance traveled per unit of time
Birth Rate: Offspring created per individual per year
However, rates don’t have to be based on time increments.
Question: There are 270 calories in a 6-cookie serving of chocolate cookies. How many calories are
in one chocolate cookie?
If you are participating in the study, be prepared to submit an image of your work for this
question.

Question
If you are participating in the study, please submit an image of your work for the previous question.
If you are not participating in the study you may skip this step.

Question
Recap of previous question: There are 270 calories in a 6-cookie serving of chocolate cookies. How
many calories are in one chocolate cookie?

Answer: 45 calories per each chocolate cookie. The number of calories is dependent on the number
of chocolate cookies eaten.
Are you ready to proceed?

Question

Let’s review exponential growth modeling.
Given a population of 250 surgeonfish with a birth rate of 0.63 and a death rate of 0.23, predict the
population size after one year. Assume carrying capacity does not affect the surgeonfish population.
Use a diagram to solve this problem.
If you are participating in the study, be prepared to submit an image of your work for this
question.
Targets Learning Objective 2.5: Calculate expected population changes using an exponential growth
model.

Question
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If you are participating in the study, please submit an image of your work for the previous question.
If you are not participating in the study you may skip this step.

Question
Recap of previous question: Given a population of 250 surgeonfish with a birth rate of 0.63 and a
death rateof 0.23, predict the population size after one year. Assume carrying capacity does not
affect the surgeonfishpopulation. Use a diagram to solve this problem.
Answer: 350 surgeonfish after one year.
First, find your population growth rate:
Growth rate = birth rate – death rate
Growth rate = 0.63 – 0.23
Growth rate = 0.4
Then use your exponential growth model.

Are you ready to proceed?

Survey P1
Please select the number that shows how anxious you feel at the moment in this lesson.
1- Not at all anxious
2- A little anxious
3- Moderately anxious
4- Very anxious
5- Extremely anxious

Question
Surgeonfish are preyed upon by Blacktip Reef Sharks. To predict surgeonfish population growth
more accurately, we need to include the effects of their predator population on the prey population.
Question: If we increase the population of sharks in the area, how will this affect the population size
of the surgeonfish?
Surgeonfish population size will decrease as shark population size increases.
Surgeonfish population size will increase as shark population size increases.
Answer: b

Question
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Recap of previous question: If we increase the population of sharks in the area, how will this affect
the population size of the surgeonfish?
Answer: Surgeonfish population size will decrease as shark population size increases.
The sharks are natural predators for the surgeonfish, thus increasing the amount of predators will
decrease the amount of prey. We can take in into account when predicting population sizes by using
a predation rate. Predation rate in this case represents how many surgeonfish are killed per shark
per unit of time. We can represent this rate with an arrow, similar to how we represented growth and
death rates. When modeling predator-prey interactions, we will assume that predators are the only
way that the prey are dying, so in essence the predation rate replaces the prey death rate.
You will need to adjust your population growth diagram to model the growth of surgeonfish (a prey
species) in the presence of blacktip reef sharks (a predator species). To keep things simple, for now
do not use carrying capacity in this model.
Question: Predation rate depends on the predators and prey physically meeting. To predict the
amount of predation events (or times that a predator kills a prey), what needs to be multiplied with
the predation rate?

Question
Recap of previous question: Predation rate depends on the predators and prey physically meeting.
To predict the amount of predation events (or times that a predator kills a prey), what needs to be
multiplied with the predation rate?
Predator population size
Prey population size
Predator and Prey population sizes
None of the above
Answer: c. Both prey and predator population sizes need to be taken into account when predicting
the number of predation events. A higher number of animals = a higher chance they’ll meet.
Question: In a simple predator-prey model, the prey population will increase because of its birth rate.
The prey population will decrease because of predation. Represent prey population growth using a
diagram.
If you are participating in the study, upload an image of your answer to this question.
If you are not participating in the study, you still need to complete this question but you do not have
to upload an image.
Targets Learning Objective 2.11: Derive models of predator population growth and prey population
growth.

Question
Recap of previous question: In a simple predator-prey model, the prey population will increase
because of its birth rate. The prey population will decrease because of predation. Represent prey
population growth using a diagram.
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Answer:
Are you ready to proceed?

Question
The size of a prey population will also influence the growth of their predator’s population. As you
may expect, if more prey is available, then the predator’s population will increase more than if there
are less prey available. To create a predator population growth model, we use efficiency rate.
Question: Efficiency rate tells us how many offspring a predator can produce per each prey
available. What would efficiency rate need to be multiplied by in order to predict the number of new
predators born in a year?
Predator population size
Prey population size
Predator and Prey population sizes
None of the above

Question
Recap of previous question: Efficiency rate tells us how many offspring a predator can produce per
each prey available. What would efficiency rate need to be multiplied by in order to predict the
number of new predators born in a year?
Answer: C. Both prey and predator population sizes need to be taken into account when predicting
the number of new predators born in a year. The predators are the parents of the predator offspring
and the prey provide energy and materials for creating predator offspring.
Question: Represent predator population growth using a diagram.
If you are participating in the study, upload an image of your answer to this question.
If you are not participating in the study, you still need to complete this question but you do not have
to uploadan image.
Targets Learning Objective 2.11: Derive models of predator population growth and prey population
growth.

Question
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Recap of previous question: Represent predator population growth using a diagram.
Answer:

Efficiency rate accounts for predator population increase, like how the given birth rate accounts for
preypopulation increase. Predator population will decrease according to their death rate.
Are you ready to proceed?

Question
The two diagrams you created can be combined together form a basic model for predator-prey
interactions:
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Question: You observe a population of 85 blacktip reef sharks that have an efficiency rate of 0.002
and a death rate of 0.3, and a population of 250 surgeonfish with a birth rate of 0.4 and a predation
rate of 0.003 (all rates are per year). Predict the population size of surgeonfish and blacktip reef
sharks after 1 year.
If you are participating in the study, be prepared to submit an image of your work for this
question.
Targets Learning Objective 2.10: Calculate expected population changes using predator-prey
interaction models.

Upload work
If you are participating in the study, please submit an image of your work for the previous question.
If you are not participating in the study you may skip this step.

Question
Recap of previous question: You observe a population of 85 blacktip reef sharks that have an
efficiency rate of 0.002 and a death rate of 0.3, and a population of 250 surgeonfish with a birth rate
of 0.4 and a predation rate of 0.003 (all rates are per year). Predict the population size of
surgeonfish and blacktip reef sharks after 1year.
Answer: 286 surgeonfish (round down to the nearest fish) and 102 blacktip reef sharks after 1 year.
Use your predator-prey population model with the surgeonfish as prey and the black-tipped reef
sharks as predators.
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Plug in the population information given in the problem:
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Are you reading to proceed?

Survey P2
Please select the number that shows how anxious you feel at the moment in this lesson.
1- Not at all anxious
2- A little anxious
3- Moderately anxious
4- Very anxious
5- Extremely anxious

Question
Let's apply predator-prey models to a real-life situation.
Invasive species are a huge problem in Hawaii. The mongoose was introduced to the Hawaiian
Islands in the late 1800’s an attempt to control the rat population. However, the rats remain (they’re
nocturnal and not an attractive prey to the mongoose) and the mongoose population has exploded
and is instead preying on the local population of native nesting birds.
In January 2020, the south end of the Hawaiian island Moloka’i had a nesting bird population size of
3,000and a mongoose population of 75. The birth rate of the nesting birds is 0.45, the death rate of
the mongoose is 0.1, the predation rate is 0.009, and the efficiency rate of the mongoose is 0.007.
Did the nesting bird population in south Moloka’i increase or decrease in January 2021?
Increase
Decrease
If you are participating in the study, be prepared to submit an image of your work for this
question.
Targets Learning Objective 2.10: Calculate expected population changes using predator-prey
interaction models.

Question
If you are participating in the study, please submit an image of your work for the previous question.
If you are not participating in the study you may skip this step.

Question
Recap of previous question: In January 2020, the south end of the Hawaiian island Moloka’i had a
nesting bird population size of 3,000 and a mongoose population of 75. The birth rate of the nesting
birds is 0.45, the death rate of the mongoose is 0.1, the predation rate is 0.009, and the efficiency
rate of the mongoose is0.007. Did the nesting bird population in south Moloka’i increase or decrease
in January 2021?
Answer: The nesting bird population decreased.
Since we’re only interested in the change in prey population over time, you’ve only need to calculate
using the top half of the predator-prey diagram.
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If you begin the year with 3,000 nesting birds and 75 mongooses, you will expect 2,325 nesting birds
after one year. 2,325 is less than 3,000, so the nesting bird population is decreasing.
Because the mongoose population is decreasing the size of the nesting bird population,
environmentalists are considering killing off part of the mongoose population to conserve the native
nesting birds. How small would the mongoose population need to be for the nesting bird population
to stay the same (no change over the years)? The birth rate of the nesting birds is 0.45, the death
rate of the mongoose is 0.1, the predation rate is0.009, and the efficiency rate of the mongoose is
0.007.
If you are participating in the study, be prepared to submit an image of your work for this
question.
Targets Learning Objective 2.10: Calculate expected population changes using predator-prey
interaction models.

Question
If you are participating in the study, please submit an image of your work for the previous question.
If you are not participating in the study you may skip this step.

Question
Recap of previous question: Because the mongoose population is decreasing the size of the nesting
bird population, environmentalists are considering killing off part of the mongoose population to
conserve the native nesting birds. How small would the mongoose population need to be for the
nesting bird population to stay the same (no change over the years)? The birth rate of the nesting
birds is 0.45, the death rate of the mongoose is 0.1, the predation rate is 0.009, and the efficiency
rate of the mongoose is 0.007.
Answer: 50 mongooses.
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Since both sides are multiplied by the starting bird population, we can remove that from both sides of
the equation. That leaves us with:
Next, fill in the rates that the question gives you.
Divide both sides by 0.009.
When the mongoose population is 50 individuals, the nesting birds population will neither increase or
decrease.
How small would the mongoose population need to be for the nesting bird population to start
increasing again?
Targets Learning Objective 2.10: Calculate expected population changes using predator-prey
interaction models.

Question
Recap of previous question: How small would the mongoose population need to be for the nesting
bird population to start increasing again?
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Answer: 49 mongooses. When the mongoose population is 50 individuals, the nesting birds
population willneither increase or decrease. Thus, when the mongoose population is 49 individuals
or smaller, the nestingbird population will increase.
Are you ready to proceed?

Question
Please select the number that shows how anxious you feel at the moment in this lesson.
1- Not at all anxious
2- A little anxious
3- Moderately anxious
4- Very anxious
5- Extremely anxious

Question
Rate how much effort this lesson required on a scale of 1 to 10 (1 representing very little effort and
10representing a lot of effort).

Question
Rate how difficult this lesson was on a scale of 1 to 10 (1 representing very low difficulty and 10
representing very high difficulty).

Lesson 3 Traditional Treatment

Question

In the last two lessons, we discussed rates that were dependent on time.
Examples of rates
Speed: distance traveled per unit of time
Birth Rate: Offspring created per individual per year
However, rates don’t have to be based on time increments.
Question: There are 270 calories in a 6-cookie serving of chocolate cookies. How many calories are
in one chocolate cookie?
If you are participating in the study, be prepared to submit an image of your work for this
question.

Work Upload
If you are participating in the study, please submit an image of your work for the previous question.
If you are not participating in the study you may skip this step.

Question
Recap of previous question: There are 270 calories in a 6-cookie serving of chocolate cookies. How
many calories are in one chocolate cookie?
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Answer: 45 calories per each cookie. The number of calories is dependent on the number of
chocolate cookies eaten.
Are you ready to proceed?

Question
Let’s review exponential growth modeling.
Given a population of 250 surgeonfish with a birth rate of 0.63 and a death rate of 0.23, predict the
population size after one year. Assume carrying capacity does not affect the surgeonfish population.
Use a mathematical model to solve this problem.
If you are participating in the study, be prepared to submit an image of your work for this
question.
Targets Learning Objective 2.5: Calculate expected population changes using an exponential growth
model.

Work Upload
If you are participating in the study, please submit an image of your work for the previous question.
If you are not participating in the study you may skip this step.

Question
Recap of previous question: Given a population of 250 surgeonfish with a birth rate of 0.63 and a
death rate of 0.23, predict the population size after one year. Assume carrying capacity does not
affect the surgeonfish population. Use a mathematical model to solve this problem.
Answer: 350 surgeonfish after one year.
r=b–d
r = 0.63 – 0.23
r = 0.4
Nend= Nstart+ (rNstart)
Nend= 250 + (0.4x250)
Nend= 350
Are you ready to proceed?
Targets Learning Objective 2.5: Calculate expected population changes using an exponential growth
model.

Survey 7
Please select the number that shows how anxious you feel at the moment in this lesson.
1- Not at all anxious
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2- A little anxious
3- Moderately anxious
4- Very anxious
5- Extremely anxious

Question
Surgeonfish are preyed upon by blacktip reef sharks. To predict surgeonfish population growth more
accurately, we need to include the effects of their predator population on the prey population.
Question: If we increase the population of sharks in the area, how will this affect the population size
of the surgeonfish?
Surgeonfish population size will decrease as shark population size increases.
Surgeonfish population size will increase as shark population size increases.

Question
Recap of previous question: If we increase the population of sharks in the area, how will this affect
the population size of the surgeonfish?
Answer: Surgeonfish population size will decrease as shark population size increases.
The sharks are natural predators of the surgeonfish, so increasing the amount of predators will
decrease the amount of prey. We can take this into account when predicting population sizes by
using a predation rate. Predation rate in this case represents how many surgeonfish are killed per
shark per unit of time. We represent this rate using the Greek letter α (alpha). When modeling
predator-prey interactions, we will assume that predators are the only way that the prey are dying, so
in essence the predation rate replaces the prey death rate.
You will need to adjust your population growth equation to model the growth of surgeonfish (a prey
species) in the presence of blacktip reef sharks (a predator species). To keep things simple, for now
do not use carrying capacity (K) in this model.
Question: Predation rate (α) depends on the predators and prey physically meeting. To predict the
amount of predation events (or times that a predator kills a prey), what would α need to be multiplied
by? Since we’re using N to represent prey population size, use P to represent predator population
size.

Question
Recap of previous question: Predation rate (α) depends on the predators and prey physically
meeting. To predict the amount of predation events (or times that a predator kills a prey), what would
α need to be multiplied by? Since we’re using N to represent prey population size, use P to
represent predator population size.
Answer: Predators and Prey (P x N). Both prey and predator population size need to be taken into
account when predicting the number of predation events. A higher number of animals = a higher
chance they’ll met.
In a simple predator-prey model, the prey population will increase because of its birth rate. The prey
population will decrease because of predation. Represent prey population growth using an equation.
If you are participating in the study, upload an image of your answer to this question.
If you are not participating in the study, you still need to complete this question but you do not have
to upload an image.
Targets Learning Objective 2.11: Derive equations of predator population growth and prey
population growth.

Question
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Recap of previous question: Represent prey population growth using an equation.
Answer:
Nend= N start+ bNstart - αNstartPstart
Are you ready to proceed?
Targets Learning Objective 2.11: Derive equations of predator population growth and prey
population growth.

Question
The size of a prey population will also influence the growth of their predator’s population. As you
may expect, if more prey is available, then the predator’s population will increase more than if there
are less prey available. To create a predator population growth model, we use efficiency rate.
Question: Efficiency rate tells us how many offspring a predator can produce per each prey
available. We represent this rate using the Greek letter β (beta). What would β need to be multiplied
by in order to predict the number of new predators born in a year?

Question
Recap of previous question: Efficiency rate tells us how many offspring a predator can produce per
each prey available. We represent this rate using the Greek letter β (beta). What would β need to be
multiplied by in order to predict the number of new predators born in a year?
Answer: Predators and Prey (P x N). Both prey and predator population size need to be taken into
account when predicting the number of new predators born in a year. The predators are the parents
of the offspring and the prey provide energy and material for creating predator offspring.
Represent predator population growth using an equation.
If you are participating in the study, upload an image of your answer to this question.
If you are not participating in the study, you still need to complete this question but you do not have
to upload an image.
Targets Learning Objective 2.11: Derive equations of predator population growth and prey
population growth.

Question
Recap of previous question: Represent predator population growth using an equation.
Answer: Pend= Pstart+ βNstartPstart - dPstart
Efficiency rate accounts for predator population increase, like how the given birth rate accounts for
prey population increase. Predator population will decrease according to their death rate.
Are you ready to proceed?
Targets Learning Objective 2.11: Derive equations of predator population growth and prey
population growth.

Question
The two equations you created together form a basic model for predator-prey interactions:
Prey: Nend= Nstart+ rNstart - αNstartPstart
Predator: Pend= Pstart+ βNstartPstart - dPstart
Question: You observe a population of 85 blacktip reef sharks that have an efficiency rate of 0.002
and a death rate of 0.3, and a population of 250 surgeonfish with a birth rate of 0.4 and a predation
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rate of 0.003 (all rates are per year). Predict the population size of surgeonfish and blacktip reef
sharks after 1 year.
If you are participating in the study, be prepared to submit an image of your work for this
question.
Targets Learning Objective 2.10: Calculate expected population changes using predator-prey
interaction models.

Question
If you are participating in the study, please submit an image of your work for the previous question.
If you are not participating in the study you may skip this step.

Question
Recap of previous question: You observe a population of 85 blacktip reef sharks that have an
efficiency rate of 0.002 and a death rate of 0.3, and a population of 250 surgeonfish with a birth rate
of 0.4 and a predation rate of 0.003 (all rates are per year). Predict the population size of
surgeonfish and blacktip reef sharks after 1year.
Answer: 286 surgeonfish (round down to the nearest fish) and 102 blacktip reef sharks after 1 year.
To calculate surgeonfish population:
Nend= Nstart+ (bNstart– αNstartPstart)
Nend= 250 + (0.4x250 – 0.003x250x85)
Nend= 250 + (100 – 63.75)
Nend= 250 + (36.25)
Nend= 286.25
To calculate blacktip reef shark population.
Pend= Pstart + (βNstartPstart– dPstart)
Pend = 85+ (0.002x250x85 – 0.3x85)
Pend = 85+ (42.5 – 25.5)
Pend = 85+ (17)
Pend= 102
Are you ready to proceed?
Targets Learning Objective 2.10: Calculate expected population changes using predator-prey
interaction models.

Survey 8
Please select the number that shows how anxious you feel at the moment in this lesson.
1- Not at all anxious
2- A little anxious
3- Moderately anxious
4- Very anxious
5- Extremely anxious

Question
Let's practice applying a predator-prey model to a real-life situation.
Invasive species are a huge problem in Hawaii. The mongoose was introduced to the Hawaiian
Islands in the late 1800’s an attempt to control the rat population. However, the rats remain (they’re
nocturnal and not an attractive prey to the mongoose) and the mongoose population has exploded
and is instead preying on the local population of native nesting birds.
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Question: In January 2020, the south end of the Hawaiian island Moloka’i had a nesting bird
population size of 3,000 and a mongoose population of 75. The birth rate of the nesting birds is 0.45,
the death rate of the mongoose is 0.1, the predation rate is 0.009, and the efficiency rate of the
mongoose is 0.007. Did the nesting bird population in south Moloka’i increase or decrease in
January 2021?
Increase
Decrease
If you are participating in the study, be prepared to submit an image of your work for this
question.
Targets Learning Objective 2.10: Calculate expected population changes using predator-prey
interaction models.

Question
If you are participating in the study, please submit an image of your work for the previous question.
If you are not participating in the study you may skip this step.

Question
Recap of previous question: In January 2020, the south end of the Hawaiian island Moloka’i had a
nesting bird population size of 3,000 and a mongoose population of 75. The birth rate of the nesting
birds is 0.45, the death rate of the mongoose is 0.1, the predation rate is 0.009, and the efficiency
rate of the mongoose is0.007. Did the nesting bird population in south Moloka’i increase or decrease
in January 2021?
Answer:
Nend= Nstart+ bNstart - αNstartPstart
Nend = 3000 + (0.45)(3000)– (0.009)(3000)(75)
Nend= 2325
Nend< Nstart, so the nesting bird population size is decreasing.
Question: Because the mongoose population is decreasing the size of the nesting bird population,
environmentalists are considering killing off part of the mongoose population to conserve the native
nesting birds. How small would the mongoose population need to be for the nesting bird population
to stay the same (No change over the years)? The birth rate of the nesting birds is 0.45, the death
rate of the mongoose is 0.1, the predation rate is 0.009, and the efficiency rate of the mongoose is
0.007.
If you are participating in the study, be prepared to submit an image of your work for this
question.
Targets Learning Objective 2.10: Calculate expected population changes using predator-prey
interaction models.

Question
If you are participating in the study, please submit an image of your work for the previous question.
If you are not participating in the study you may skip this step.

Question
Recap of previous question: Because the mongoose population is decreasing the size of the nesting
bird population, environmentalists are considering killing off part of the mongoose population to
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conserve the native nesting birds. How small would the mongoose population need to be for the
nesting bird population to stay the same? (No change over the years). The birth rate of the nesting
birds is 0.45, the death rate of the mongoose is 0.1, the predation rate is 0.009, and the efficiency
rate of the mongoose is 0.007.
Answer: 50 mongooses.
Nend= Nstart+ (bNstart– αNstartPstart)
(bNstart– αNstartPstart) = 0 (We want the growth of the prey population to be equal to the death of the
preypopulation so that there is not net change over time)
bNstart= αNstartPstart
Next, fill in the rates that the question gives you.
(0.45)Nstart= (0.009)NstartPstart
Divide both sides by Nstart to get rid of that term.
(0.45) = (0.009)Pstart
Divide both sides by 0.009
Pstart= 50
When the mongoose population is 50 individuals, the nesting birds population will neither increase or
decrease.
Question: How small would the mongoose population need to be for the nesting bird population to
start increasing again?
Targets Learning Objective 2.10: Calculate expected population changes using predator-prey
interaction models.

Question
Recap of previous question: How small would the mongoose population need to be for the nesting
bird population to start increasing again?
Answer: 49 mongooses. When the mongoose population is 50 individuals, the nesting birds
population will neither increase or decrease. Thus, when the mongoose population is 49 individuals
or smaller, the nesting bird population will increase.
Are you ready to proceed?
Targets Learning Objective 2.10: Calculate expected population changes using predator-prey
interaction models.

Survey 9
Please select the number that shows how anxious you feel at the moment in this lesson.
1- Not at all anxious
2- A little anxious
3- Moderately anxious
4- Very anxious
5- Extremely anxious

Survey 10
Rate how much effort this lesson required on a scale of 1 to 10 (1 representing very little effort and
10representing a lot of effort).

Survey 11
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Rate how difficult this lesson was on a scale of 1 to 10 (1 representing very low difficulty and 10
representing very high difficulty).

Lesson 4 Diagram Treatment

Question

We are going to review predator-prey interaction modeling and discuss predator-prey growth
equations.
As you may remember, predators and their prey have an effect on each other’s population. Let’s
start by looking at our prey population growth diagram.

Write an equation to represent prey population growth and calculate the ending prey population size.
Since Nis used for the number of prey individuals, use P to represent the number of predator
individuals. Predation rate is traditionally represented by the Greek letter α (alpha), but you can also
type “a” for predation rate.
Hint: In the diagram we calculate the increase in prey population size by multiplying the starting prey
population by the birth rate. We also calculate the decrease in prey population size by multiplying the
prey population size, the starting predator population size, and the predation rate.
Targets Learning Objective 2.11: Derive equations of predator population growth and prey
population growth.

Question0 pts
Recap of previous question: Write an equation to represent prey population growth and calculate the
ending prey population size. Since N is used for the number of prey individuals, use P to represent
the number of predator individuals. Predation rate is traditionally represented by the Greek letter α
(alpha), but you can also type “a” for predation rate.
Hint: In the diagram we calculate the increase in prey population size by multiplying the starting prey
population by the birth rate. We can calculate the decrease in prey population size by multiplying the
prey population size, the starting predator population size, and the predation rate.
Answer: Nend= Nstart+ bNstart - αNstartPstart
Note that this equation shows the same mathematical relationships as the diagrams we made in the
last lesson.
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Question: A population of arctic foxes primarily feed on brown lemmings (a small rodent species).
You observe a local population of 700 lemmings that have a birth rate of 0.38. A population 40 foxes
have a predation rate of 0.008 and an efficiency rate (efficiency at turning food into offspring) of
0.0004. The arctic fox death rate is 0.2. All given rates are per year. How many lemmings do you
expect to see in this population after one year? Try using the prey growth equation to solve this one.
Round to the nearest whole number.
If you are participating in the study be prepared to upload an image of your work for this
question.
Targets Learning Objective 2.10: Calculate expected population changes using predator-prey
interaction models.

Question
If you are participating in the study, please upload an image of your work for the previous question.
If you are not participating in the study, you may skip this step.

Question
Recap of previous question: A population of arctic foxes primarily feed on brown lemmings (a small
rodent species). You observe a local population of 700 lemmings that have a birth rate of 0.38. A
population 40 foxes have a predation rate of 0.008 and an efficiency rate (efficiency at turning food
into offspring) of 0.0004. The arctic fox death rate is 0.2. All given rates are per year. How many
lemmings do you expect to see in this population after one year? Try using the prey growth equation
to solve this one. Round to the nearest whole number.
Answer: 742 lemmings after one year.
Nend= Nstart+ bNstart - αNstartPstart
Nend = 700 + (0.38 x 700)– (0.008 x 700 x 40)
Nend = 700 + (266)– (224)
Nend= 742
Are you ready to proceed?

Question
Now let’s look at our predator population growth diagram.
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Question: Write an equation to represent predator population growth and calculate the ending
predator population size. Since N is used for the number of prey individuals, use P to represent the
number of predator individuals. Efficiency rate is traditionally represented by the Greek letter β
(beta), but you can also type “B” for efficiency rate.
Hint: In the diagram we calculate the increase in predator population size by multiplying the starting
predator population size, the starting prey population size, and the efficiency rate. We also calculate
the decrease in prey population size by multiplying the starting predator population size and the
predator death rate.
Targets Learning Objective 2.11: Derive equations of predator population growth and prey
population growth.

Question
Recap of previous question: Write an equation to represent predator population growth and calculate
the ending predator population size. Since N is used for the number of prey individuals, use P to
represent the number of predator individuals. Efficiency rate is traditionally represented by the Greek
letter β (beta), but you can also type “B” for efficiency rate.
Hint: In the diagram we calculate the increase in predator population size by multiplying the starting
predator population size, the starting prey population size, and the efficiency rate. We also calculate
the decrease in prey population size by multiplying the starting predator population size and the
predator death rate.
Answer: Pend= Pstart+ βNstartPstart - dPstart
Note that this equation shows the same mathematical relationships as the diagrams we made in the
last lesson.
Question: A population of arctic foxes primarily feed on brown lemmings (a small rodent species).
You observe a local population of 700 lemmings that have a birth rate of 0.38. A population 40 foxes
have a predation rate of 0.008 and an efficiency rate (efficiency at turning food into offspring) of
0.0004. The arctic fox death rate is 0.2. All given rates are per year. How many foxes do you expect
to see in this population after one year? Try using the predator growth equation to solve this one.
Round to the nearest whole number.
If you are participating in the study be prepared to upload an image of your work for this
question.
Targets Learning Objective 2.10: Calculate expected population changes using predator-prey
interaction models.

Question
If you are participating in the study, please upload an image of your work for the previous question.
If you are not participating in the study, you may skip this step.

Question
Recap of previous question: A population of arctic foxes primarily feed on brown lemmings (a small
rodent species). You observe a local population of 700 lemmings that have a birth rate of 0.38. A
population 40 foxes have a predation rate of 0.008 and an efficiency rate (efficiency at turning food
into offspring) of 0.0004. The arctic fox death rate is 0.2. All given rates are per year. How many
foxes do you expect to see in this population after one year? Try using the predator growth equation
to solve this one. Round to the nearest whole number.
Answer: 43 foxes after one year.
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Pend= Pstart+ βNstartPstart - dPstart
Pend = 40 + (0.0004 x 700 x 40)– (0.2 x 40)
Pend = 40 + (11.2)– (8)
Pend= 43.2
Are you ready to proceed?

Question
When put together, the two equations you created form a basic model for predator-prey interactions.
These equations together are sometimes referred to as the Lotka-Volterra predator-prey interactions
model because they were designed by bio-mathematicians Alfred James Lotka and Vito Volterra.
Prey: Nend= Nstart+ bNstart - αNstartPstart
Predator: Pend= Pstart+ βNstartPstart - dPstart
Are you ready to proceed?

Survey #1
Please select the number that shows how anxious you feel at the moment in this lesson.
1- Not at all anxious
2- A little anxious
3- Moderately anxious
4- Very anxious
5- Extremely anxious

Question
Lotka-Volterra Predator-Prey Interactions
Prey: Nend= Nstart+ bNstart - αNstartPstart
Predator: Pend= Pstart+ βNstartPstart – dPstart
Question: A population of 150 snowshoe hares live in a valley in northern Canada. They have a birth
rate of0.7. You discover that the local population of 50 lynx are the main rabbit predators, and you
calculate their predation rate to be 0.01, and their efficiency rate to be 0.005. The lynx death rate is
0.275. All given rates are per year. How many hares and lynx do you expect to see after one year?
Round to the nearest whole number.
If you are participating in the study be prepared to upload an image of your work for this
question.
Targets Learning Objective 2.10: Calculate expected population changes using predator-prey
interaction models.

Question
If you are participating in the study, please upload an image of your work for the previous question.
If you are not participating in the study, you may skip this step.

Question
Recap of previous question: A population of 150 snowshoe hares live in a valley in northern Canada.
They have a birth rate of 0.7. You discover that the local population of 50 lynx are the main rabbit
predators, and you calculate their predation rate to be 0.01, and their efficiency rate to be 0.005. The
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lynx death rate is 0.275.All given rates are per year. How many hares and lynx do you expect to see
after one year? Round to the nearest whole number.
Answer: 180 hares and 74 lynx after one year.
Solve for the snowshoe hare (prey) population
Nend= Nstart+ bNstart - αNstartPstart
Nend = 150 + (0.7 x 150)– (0.01 x 150 x 50)
Nend = 150 + (105)– (75)
Nend= 180
Solve for the lynx (predator) population
Pend= Pstart+ βNstartPstart - dPstart
Pend = 50 + (0.005 x 150 x 50)– (0.275 x 50)
Pend = 50 + (37.5)– (13.75)
Pend= 73.75
Are you ready to proceed?

Question
Question: After closer inspection, you discover that the snowshoe hare population is limited to a
maximum of 800 individuals due to space constraints. Now that you know the carrying capacity of
the snowshoe hare population, recalculate how many snowshoe hares you expect to see after one
year. Round to the nearest whole number.
Hint: Remember that you start with 150 snowshoe hares that have a birth rate of 0.7 per year. The
local population of 50 lynx are the main rabbit predators, and you calculate their predation rate to be
0.01 per prey per year.
If you are participating in the study be prepared to upload an image of your work for this
question.
Targets Learning Objective 2.9: Modify a population growth model when provided with more
information about the ecological system.

Question
If you are participating in the study, please upload an image of your work for the previous question.
If you are not participating in the study, you may skip this step.

Question
Recap of previous question: After closer inspection, you discover that the snowshoe hare population
is limited to a maximum of 800 individuals due to space constraints. Now that you know the carrying
capacity of the snowshoe hare population, recalculate how many snowshoe hares you expect to see
after one year. Round to the nearest whole number.
Hint: Remember that you start with 150 snowshoe hares that have a birth rate of 0.7 per year. The
local population of 50 lynx are the main rabbit predators, and you calculate their predation rate to be
0.01 per prey per year.
Answer: 160 snowshoe hares after one year
Remember, in population equations K represents carrying capacity. To find the “room” available for
more population growth, K - N
start = “room” available.
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Then to find the portion of room available, you need to divide the “room” available by the carrying
capacity (ortotal amount of “room”). Thus, to find the portion of resources available for further
population growth, youneed to find (K-N
start)/K. Multiply this limit to the population’s birth rate.
Nend= Nstart+ ((K-Nstart)/K)bNstart - αNstartPstart
Nend = 150 + ((800-150)/800) x 0.7 x 150– 0.01 x 150 x 50
Nend = 150 + (0.8125) x 0.7 x 150– 0.01 x 150 x 50
Nend = 150 + 85.3125– 75
Nend= 160.3125
You could also modify your prey growth population diagram to do the same calculations:

Are you ready to proceed?

Survey

Please select the number that shows how anxious you feel at the moment in this lesson.
1- Not at all anxious
2- A little anxious
3- Moderately anxious
4- Very anxious
5- Extremely anxious

Question
Question: In a valley, the mice are primarily preyed upon by snakes, and the snakes are primarily
preyed upon by red-tailed hawks. The mice have a birth rate of 0.9. The snakes have a predation
rate of 0.004 on the mice, and an efficiency rate of 0.0003 per mouse. The hawks have a predation
rate of 0.038 on the snakes, an efficiency rate of 0.002 per snake, and a death rate of 0.3. All rates
given are per year.
Create a model to represent the growth of mice, snakes, and hawks over one year. It can be either a
diagram or an equation. Define any new variables you choose to use.
In May 2020, there were 4,000 mice, 200 snakes, and 30 hawks in the valley. Using your model,
calculate how many mice snakes, and hawks you expect to find in the valley in May 2021.
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If you are participating in the study be prepared to upload an image of your work for this
question.
Targets Learning Objective 2.11: Derive models of predator population growth and prey population
growth.

Question
If you are participating in the study, please upload an image of your work for the previous question.
If you are not participating in the study, you may skip this step.

Question
Recap of previous question: In a valley, the mice are primarily preyed upon by snakes, and the
snakes are primarily preyed upon by red-tailed hawks. The mice have a birth rate of 0.9. The snakes
have a predation rate of 0.004 on the mice, and an efficiency rate of 0.0003 per mouse. The hawks
have a predation rate of0.038 on the snakes, an efficiency rate of 0.002 per snake, and a death rate
of 0.3. All rates given are per year.
Create a model to represent the growth of mice, snakes, and hawks over one year. It can be either a
diagram or an equation. Or you can make both. Define any new variables you choose to use.
In May 2020, there were 4,000 mice, 200 snakes, and 30 hawks in the valley. Using your model,
calculate how many mice snakes, and hawks you expect to find in the valley in May 2021.
Answer: 4,400 mice, 212 snakes, and 33 hawks in May 2021.
Creating an equation model:
I used Y to represent the predation rate of hawks on snakes and E to represent the efficiency rate of
hawks turning snakes into offspring. I used N to represent mouse population size, P to represent
snake population size, and H to represent hawk population size. The letters you chose may be
different, but their mathematical relationships should be the same.
Mice: Nend= Nstart+ bNstart - αNstartPstart
Snakes: Pend= Pstart+ βNstartPstart - YPstartHstart
Hawks: Hend= Hstart+ EPstartHstart – dHstart
Creating a diagram:
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Are you ready to proceed?

Survey
Please select the number that shows how anxious you feel at the moment in this lesson.
1- Not at all anxious
2- A little anxious
3- Moderately anxious
4- Very anxious
5- Extremely anxious

Effort Survey
Rate how much effort this lesson required on a scale of 1 to 10 (1 representing very little effort and
10representing a lot of effort).
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Difficulty Survey
Rate how difficult this lesson was on a scale of 1 to 10 (1 representing very low difficulty and 10
representing very high difficulty).

Lesson 4 Traditional Treatment

Question

We are going to review predator-prey interaction modeling and discuss predator-prey growth
equations.
As you may remember, predators and their prey have an effect on each other’s population. Let’s
start by reviewing our prey population growth equation.
Question: Rewrite an equation to represent exponential growth and calculate the ending population
size. Since N is used for the number of prey individuals, use P to represent the number of predator
individuals. Predation rate is traditionally represented by the Greek letter α (alpha), but you can also
type “a” for predation rate.
Hint: In this equation we calculate the increase in prey population size by multiplying the starting
prey population by the birth rate. We can calculate the decrease in prey population size by
multiplying the prey population size, the starting predator population size, and the predation rate.
Targets Learning Objective 2.11: Derive equations of predator population growth and prey
population growth.

Question
Recap of previous question: Rewrite an equation to represent exponential growth and calculate the
ending population size. Since N is used for the number of prey individuals, use P to represent the
number of predator individuals. Predation rate is traditionally represented by the Greek letter α
(alpha), but you can also use “a” for predation rate.
Hint: In this equation we calculate the increase in prey population size by multiplying the starting
prey population by the birth rate. We can calculate the decrease in prey population size by
multiplying the prey population size, the starting predator population size, and the predation rate.
Answer: Answer: Nend= Nstart+ bNstart – αNstartPstart
Question: A population of arctic foxes primarily feed on brown lemmings (a small rodent species).
You observe a local population of 700 lemmings that have a birth rate of 0.38. A population 40 foxes
have a predation rate of 0.008 and an efficiency rate (efficiency at turning food into offspring) of
0.0004. The arctic fox death rate is 0.2. All given rates are per year. How many lemmings to see in
this population after one year? Round to the nearest whole number.
If you are participating in the study be prepared to upload an image of your work for this
question.
Targets Learning Objective 2.10: Calculate expected population changes using predator-prey
interaction models.

Question
If you are participating in the study, please upload an image of your work for the previous question.
If you are not participating in the study, you may skip this step.

Question
Recap of previous question: A population of arctic foxes primarily feed on brown lemmings (a small
rodent species). You observe a local population of 700 lemmings that have a birth rate of 0.38. A
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population 40 foxes have a predation rate of 0.008 and an efficiency rate of 0.0004. The arctic fox
death rate is 0.2. All given rates are per year. How many lemmings to see in this population after one
year? Round to the nearest whole number.
Answer: 742 lemmings after one year.
Nend= Nstart+ bNstart - αNstartPstart
Nend = 700 + (0.38 x 700)– (0.008 x 700 x 40)
Nend = 700 + (266)– (224)
Nend= 742
Now let’s review our predator population growth equation.
Question: Rewrite the equation to represent predator population growth and calculate the ending
predator population size. Since N is used for the number of prey individuals, use P to represent the
number of predator individuals. Efficiency rate is traditionally represented by the Greek letter β
(beta), but you can also type “B” for efficiency rate.
Hint: We can calculate the increase in predator population size by multiplying the starting predator
population size, the starting prey population size, and the efficiency rate. We can calculate the
decrease in predator population size by multiplying the starting predator population size and the
predator death rate.
Targets Learning Objective 2.11: Derive equations of predator population growth and prey
population growth.

Question
Recap of previous question: Rewrite the equation to represent predator population growth and
calculate the ending predator population size. Since N is used for the number of prey individuals,
use P to represent the number of predator individuals. Efficiency rate is traditionally represented by
the Greek letter β (beta), but you can also type “B” for efficiency rate.
Hint: We can calculate the increase in predator population size by multiplying the starting predator
population size, the starting prey population size, and the efficiency rate. We can calculate the
decrease in predator population size by multiplying the starting predator population size and the
predator death rate.
Answer: Pend= Pstart+ βNstartPstart – dPstart
Question: A population of arctic foxes primarily feed on brown lemmings (a small rodent species).
You observe a local population of 700 lemmings that have a birth rate of 0.38. A population 40 foxes
have a predation rate of 0.008 and an efficiency rate (efficiency at turning food into offspring) of
0.0004. The arctic fox death rate is 0.2. All given rates are per year. How many foxes do you expect
to see in this population after one year? Round to the nearest whole number.
If you are participating in the study be prepared to upload an image of your work for this
question.
Targets Learning Objective 2.10: Calculate expected population changes using predator-prey
interaction models.

Question
If you are participating in the study, please upload an image of your work for the previous question.
If you are not participating in the study, you may skip this step.

Question
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Recap of previous question: A population of arctic foxes primarily feed on brown lemmings (a small
rodent species). You observe a local population of 700 lemmings that have a birth rate of 0.38. A
population 40 foxes have a predation rate of 0.008 and an efficiency rate (efficiency at turning food
into offspring) of 0.0004. The arctic fox death rate is 0.2. All given rates are per year. How many
foxes do you expect to see in this population after one year? Round to the nearest whole number.
Answer: 43 foxes after one year.
Pend= Pstart+ βNstartPstart - dPstart
Pend = 40 + (0.0004 x 700 x 40)– (0.2 x 40)
Pend = 40 + (11.2)– (8)
Pend= 43.2
Are you ready to proceed?

Question
When put together, the two equations you created form a basic model for predator-prey interactions.
These equations together are sometimes referred to as the Lotka-Volterra predator-prey interactions
model because they were designed by bio-mathematicians Alfred James Lotka and Vito Volterra.
Prey: Nend= Nstart+ rNstart - αNstartPstart
Predator: Pend= Pstart+ βNstartPstart - dPstart
Are you ready to proceed?

Survey
Please select the number that shows how anxious you feel at the moment in this lesson.
1- Not at all anxious
2- A little anxious
3- Moderately anxious
4- Very anxious
5- Extremely anxious

Question
Lotka-Volterra Predator-Prey Interactions
Prey: Nend= Nstart+ bNstart - αNstartPstart
Predator: Pend= Pstart+ βNstartPstart - dPstart
Question: A population of 150 snowshoe hares live in a valley in northern Canada. They have a birth
rate of0.7. You discover that the local population of 50 lynx are the main rabbit predators, and you
calculate their predation rate to be 0.01, and their efficiency rate to be 0.005. The lynx death rate is
0.275. All given rates are per year. How many hares and lynx do you expect to see after one year?
Round to the nearest whole number.
If you are participating in the study be prepared to upload an image of your work for this
question.
Targets Learning Objective 2.10: Calculate expected population changes using predator-prey
interaction models.

Question
If you are participating in the study, please upload an image of your work for the previous question.
If you are not participating in the study, you may skip this step.

Question
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Recap of previous question: A population of 150 snowshoe hares live in a valley in northern Canada.
They have a birth rate of 0.7. You discover that the local population of 50 lynx are the main rabbit
predators, and you calculate their predation rate to be 0.01, and their efficiency rate to be 0.005. The
lynx death rate is 0.275. All given rates are per year. How many hares and lynx do you expect to see
after one year? Round to the nearest whole number.
Answer: 180 hares and 74 lynx after one year.
Solve for the snowshoe hare (prey) population
Nend= Nstart+ bNstart - αNstartPstart
Nend = 150 + (0.7 x 150)– (0.01 x 150 x 50)
Nend = 150 + (105)– (75)
Nend= 180
Solve for the lynx (predator) population
Pend= Pstart+ βNstartPstart – dPstart
Pend = 50 + (0.005 x 150 x 50)– (0.275 x 50)
Pend = 50 + (37.5)– (13.75)
Pend= 73.75
Question: After closer inspection, you discover that the snowshoe hare population is limited to a
maximum of 800 individuals due to space constraints. Now that you know the carrying capacity of
the snowshoe hare population, recalculate how many snowshoe hares you expect to see after one
year. Round to the nearest whole number.
Hint: Remember that you start with 150 snowshoe hares that have a birth rate of 0.7 per year. The
local population of 50 lynx are the main snowshoe hare predators, and you calculate their predation
rate to be 0.01per prey per year.
If you are participating in the study be prepared to upload an image of your work for this
question.
Targets Learning Objective 2.9: Modify a population growth model when provided with more
information about the ecological system.

Question
If you are participating in the study, please upload an image of your work for the previous question.
If you are not participating in the study, you may skip this step.

Question
Recap of previous question: After closer inspection, you discover that the snowshoe hare population
is limited to a maximum of 800 individuals due to space constraints. Now that you know the carrying
capacity of the snowshoe hare population, recalculate how many snowshoe hares you expect to see
after one year. Round to the nearest whole number.
Hint: Remember that you start with 150 snowshoe hares that have a birth rate of 0.7 per year. The
local population of 50 lynx are the main snowshoe hare predators, and you calculate their predation
rate to be 0.01per prey per year.
Answer: 160 snowshoe hares after one year
Remember, in population equations K represents carrying capacity. To find the “room” available for
more population growth, K - Nstart = “room” available.
Then to find the portion of room available, you need to divide the “room” available by the carrying
capacity (or total amount of “room”). Thus, to find the portion of resources available for further
population growth, you need to find (K-Nstart)/K. Multiply this limit to the population’s birth rate.
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Nend= Nstart+ ((K-Nstart)/K)bNstart - αNstartPstart
Nend = 150 + ((800-150)/800) x 0.7 x 150– 0.01 x 150 x 50
Nend = 150 + (0.8125) x 0.7 x 150– 0.01 x 150 x 50
Nend = 150 + 85.3125– 75
Nend= 160.3125
Are you ready to proceed?
Targets Learning Objective 2.9: Modify a population growth model when provided with more
information about the ecological system.
Targets Learning Objective 2.10: Calculate expected population changes using predator-prey
interaction models.

Survey
Please select the number that shows how anxious you feel at the moment in this lesson.
1- Not at all anxious
2- A little anxious
3- Moderately anxious
4- Very anxious
5- Extremely anxious

Question
Question: In a valley, the mice are primarily preyed upon by black snakes, and the snakes are
primarily preyed upon by red-tailed hawks. The mice have a birth rate of 0.9. The snakes have a
predation rate of0.004 on the mice, and an efficiency rate of 0.0003 per mouse. The hawks have a
predation rate of 0.038 on the snakes, an efficiency rate of 0.002 per snake, and a death rate of 0.3.
All rates given are per year.
Create an equation to represent the growth of mice, snakes, and hawks over one year. It can be
either a diagram or an equation. Define any new variables you choose to use.
In May 2020, there were 4,000 mice, 200 snakes, and 30 hawks in the valley. Using your equation,
calculate how many mice snakes, and hawks you expect to find in the valley in May 2021.
If you are participating in the study be prepared to upload an image of your work for this
question.
Targets Learning Objective 2.11: Derive equations of predator population growth and prey
population growth.

Question
If you are participating in the study, please upload an image of your work for the previous question.
If you are not participating in the study, you may skip this step.

Question5 pts
Recap of previous question: In a valley, the mice are primarily preyed upon by snakes, and the
snakes are primarily preyed upon by red-tailed hawks. The mice have a birth rate of 0.9. The snakes
have a predation rate of 0.004 on the mice, and an efficiency rate of 0.0003 per mouse. The hawks
have a predation rate of0.038 on the snakes, an efficiency rate of 0.002 per snake, and a death rate
of 0.3. All rates given are per year.
Create an equation to represent the growth of mice, snakes, and hawks over one year. It can be
either a diagram or an equation. Define any new variables you choose to use.
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In May 2020, there were 4,000 mice, 200 snakes, and 30 hawks in the valley. Using your equation,
calculate how many mice snakes, and hawks you expect to find in the valley in May 2021.
Answer: 4,400 mice, 212 snakes, and 33 hawks in May 2021.
Example equations
I used Y to represent the predation rate of hawks on snakes and E to represent the efficiency rate of
hawks turning snakes into offspring. I used N to represent mouse population size, P to represent
snake population size, and H to represent hawk population size. The letters you chose may be
different, but their mathematical relationships should be the same.
Mice: Nend= Nstart+ bNstart - αNstartPstart
Snakes: Pend= Pstart+ βNstartPstart - YPstartHstart
Hawks: Hend= Hstart+ EPstartHstart - dHstart
Are you ready to proceed?
Targets Learning Objective 2.11: Derive equations of predator population growth and prey
population growth.

Survey
Please select the number that shows how anxious you feel at the moment in this lesson.
1- Not at all anxious
2- A little anxious
3- Moderately anxious
4- Very anxious
5- Extremely anxious

Effort Survey
Rate how much effort this lesson required on a scale of 1 to 10 (1 representing very little effort and
10representing a lot of effort).

Difficulty Survey
Rate how difficult this lesson was on a scale of 1 to 10 (1 representing very low difficulty and 10
representing very high difficulty).
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Appendix E: State Anxiety and Cognitive Load Instruments
State Anxiety Instrument
1-question instrument based on Goetz’s state anxiety measurement (Goetz, Bieg, Lüdtke,
Pekrun, & Hall, 2013; Goetz, Preckel, Pekrun, & Hall, 2007):
Please select the number that shows how anxious you feel at the moment in this lesson:
1- Not at all anxious
2- A little anxious
3- Moderately anxious
4- Very anxious
5- Extremely anxious
Cognitive Load Survey Questions
Two questions adapted from DeLeeuw’s publication on separate measures of cognitive load
(DeLeeuw & Mayer, 2008).
Effort Survey: Rate how much effort this lesson required on a scale of 1 to 10
(1 representing very little effort and 10 representing a lot of effort)
Difficulty Survey: Rate how difficult this lesson was on a scale of 1 to 10
(1 representing very low difficulty and 10 representing very high difficulty)
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Appendix F: Population Growth Practice Test and Unit Test
Practice Test
Questions 1-5 were omitted as they were not used for this study.
Bracena Swamp is infested with alligators. These alligators have a birth rate of 0.38 per year and
a death rate of 0.29 per year. If Bracena Swamp currently has 1,404 alligators living in it, how
many to you expect to find in the swamp one year from now? Assume exponential growth and
round your final answer to the nearest whole number.
Answer: 1,530 (with margin: 1)
A population of raccoons live in Redwillow Valley, and they are declining at an alarming rate.
Ecologists estimate that their death rate is 0.25 per year. If there were 1,805 raccoons in 2020
and 1,740 in 2021, what is the raccoon population’s birth rate? Assume exponential growth and
round your final answer to the nearest hundredths place.
Answer: 0.21 (with margin: 0.01)
Today you observed a population of 830 Mexican free-tailed bats living in the Agave Valley.
The bats have a birth rate of 0.24 and a death rate of 0.1 (both rates are per year). The Agave
Valley is absolutely crawling with insects, which are the Mexican free-tailed bats’ food of
choice, so the bat population doesn’t seem to be limited by a carrying capacity in any significant
way. Given this information, estimate how many Mexican free-tailed bats lived in the Agave
Valley one year ago. Assume exponential growth and round your final answer to the nearest
whole number.
Answer: 728 (with margin: 1)
650 platypuses live in the Murray River in Southeast Australia. The Murray River can only
sustain a maximum of 1,200 platypuses. If the platypus population has a growth rate of 0.2 per
year, how many platypuses can we expect to see in in the Murray River after one year? Round
your final answer to the nearest whole number.
Answer: 710 (with margin: 1)
Skull Island has a population of 130 gorillas, and the gorillas have a population growth rate of
0.8 per year. Due to its low number of fruit trees and termite mounds, Skull Island can only
sustain a maximum of 200 gorillas at a time. How many gorillas do you expect to find on Skull
island two years from now? Round your final answer to the nearest whole number.
Answer: 189 (with margin: 2)
The Siberian tiger is an apex predator that requires a lot of habitat. The vast Okhotsk Forest is
home to a small population of tigers that have a birth rate of 0.21 per year and a death rate of
0.08 per year. Dr. Alberts proposes that the Okhotsk Forest can support 120 tigers, while Dr. Bell
estimates that the forest can only support a maximum of 50 tigers. If 35 tigers were observed in
the forest in 2020, and 38 tigers were observed in 2021, which scientist more accurately
predicted the Okhotsk Forest’s tiger carrying capacity?
Dr. Alberts: 120 tigers
Dr. Bell: 50 tigers
Answer: B
In 2020, you observe a population of 950 mice living in a coniferous forest. The mice have a
birth rate of 0.5 per year. You discover that the local population of 30 bobcats are the mice’s
main predators, and you calculate their predation rate to be 0.015 per prey per year, and their
efficiency rate to be 0.009 per prey per year. How many mice do you expect to find in the
coniferous forest in 2021? Round your final answer to the nearest whole number.
Answer: 998 (with margin: 2)
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A population of 95 peregrine falcons are the primary predators of a local pigeon populations. The
pigeons have a population size of 1,300 and a birth rate of 0.38 per year. The falcons have an
efficiency rate of 0.0002 per prey per year, and a death rate of 0.22 per year. How many
peregrine falcons do you expect to observe in this population one year from now?
Answer: 99 (with margin: 1)
A population of snow leopards primarily prey on the local ibex population (an ibex is a longhorned goat). Scientists agree that the average ibex birth rate is 0.35 per year, however the snow
leopard’s predation rate is hotly contested. Dr. Stevens predicts that the snow leopards have a
predation rate of 0.009 per prey per year, while Dr. Tully predicts that the predation rate is only
0.005 per prey per year. To solve their argument, the scientists track the population growth of the
ibex and snow leopards for two years. Their data are shown below. Which scientist more
accurately predicted the rate of predation from snow leopards on ibex?

Dr. Stevens, predation rate 0.009
Dr. Tully, predation rate 0.005
Answer: A
You take a vacation to Hawaii, where you discover a population of adorable Hawaiian monk
seals. These monk seals have an estimated birth rate of 0.2 per year and a death rate of 0.175 per
year. You discover that their population is decreasing, but you are not sure why. Last year there
were 70 monk seals, however this year there were only 63. Local ecologists have suggested three
possible reasons for the decline in population. It could be due to pollution from tourists, disease
from a newly introduced marine animal parasite called toxoplasmosis, or from increased attacks
from a migration of predatory tiger sharks.

If only one of these factors is affecting the monk seals, which of the following factors is most
likely causing the decline in monk seal population?
Pollution from Tourists
Toxoplasmosis
Tiger Shark Migration
Answer: A
African lions and spotted hyenas both hunt the same type of prey, so they are competitors. A
savannah habitat has a carrying capacity of 1,000 lions and 1,200 hyenas.
The lions have a negative effect the hyena population (modeled by a numerical rate representing
the competitive effect of lions on hyenas). Specifically, every 1 lion present makes it so 0.2 less
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hyenas will have sufficient resources to live in the savannah. Hint - You can think of it like this:
each lion present is acting like 0.2 hyenas counting toward the hyena carrying capacity.
The hyenas have a negative effect on the lion population (modeled by a numerical rate
representing the competitive effect of hyenas on lions). Specifically, every 1 hyena present
makes it so 0.1 less lions will have sufficient resources to live in the savannah. Hint - You can
think of it like this: each hyena present is acting like 0.1 lions counting toward the lion carrying
capacity.
FIRST TASK: Create models (equations or diagrams) to predict how lion and hyena populations
affect each other’s population growth over one year (so one model for the lion, one model for the
hyena). Take carrying capacities and interspecies interactions into account. Label all
variables/symbols you choose to use.
Answer: You may have used different letters/symbols, but the mathematical relationships should
be the same
SYMBOLS:
L = # of lions rL = lion growth rate KL = lion carrying capacity
H = # of hyenas
rH = hyena growth rate
KH = hyena carrying capacity
cLH = competition effect of lions on hyenas (0.2)
cHL = competition effect of hyenas on lions (0.1)
EQUATIONS:
Lend = Lstart + rLLstart*(KL - Lstart - cHLHstart)/KL
Hend = Hstart + rHHstart*(KH - Hstart – cLHLstart)/KH
DIAGRAMS:

SECOND TASK, USE YOUR MODEL: In 2021, you count 560 lions and 800 hyenas on the
savannah. It is estimated that there is a lion carrying capacity of 1,000 lions and a hyena carrying
capacity of 1,200 hyenas. This lion population normally grows at a rate of 0.1 per year, while
hyenas usually grow at a rate of 0.2 per year. How many lions would you predict to be on the
savannah when you return one year later?
Answer: 580 (with margin: 1)
Requestion for study work images prompt: IF YOU'RE PARTICIPATING IN THE STUDY,
PLEASE UPLOAD A FILE OF ALL OF YOUR WORK HERE. IT HELPS US IF YOU
CLEARLY LABEL WHICH WORK GOES WITH WHICH QUESTION.
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If you have more than one file to submit, or if canvas submissions are not working properly, you
may email your work images to Samantha Wasson at Sammy_rae@hotmail.com
Unit Test
Questions 1-5 were omitted as they were not used for this study.
In May 2020, 2,302 meerkats lived in the Ahadi Savannah. Ecologists estimate that this meerkat
population have a birth rate of 0.62 per year and a death rate of 0.49 per year. How many
meerkats will live in the Ahadi Savannah in May 2021? Assume exponential growth and round
your final answer to the nearest whole number.
Answer: 2,601 (with margin: 1)
A population of three-toed sloths live on Amity Island. In 2020, ecologists observed 508 sloths,
and in 2021 they observed 571 sloths. If the birth rate of the sloths is 0.2 per year, what is the
sloth population’s death rate per year? Assume exponential growth and round your final answer
to the nearest hundredths place (2 decimal places).
Answer: 0.08 (with margin: 0.01)
You have a very messy kitchen with abundant resources to sustain a growing fruit fly population.
Today you observed a population of 150 fruit flies in your kitchen. If your kitchen’s fruit flies
have a birth rate of 0.8 per week and a death rate of 0.15 per week, how many fruit flies would
you estimate lived in your kitchen one week ago? Assume exponential growth and round your
final answer to the nearest whole number.
Answer: 91 (with margin: 1)
A population of Komodo dragons live on the small island of Gili Motang. The island has limited
space, allowing for a maximum population of 150 Komodo dragons. If 85 Komodo dragons
currently live on the island, and they have a growth rate of 0.15 per year, how many Komodo
dragons can we expect to inhabit Gili Motang after one year? Round your final answer to the
nearest whole number.
Answer: 91 (with margin: 1)
In 2020 Odo Island had a population of 3,210 crested lizards. The island has a carrying capacity
of 15,000 lizards. If the lizards have a population growth rate of 0.3, predict how many crested
lizards will inhabit Odo Island in 2022. Round your final answer to the nearest whole number.
Answer: 4,842 (with margin: 10)
A population of peacocks live in Aspen Grove. Dr. Rose predicts that the Aspen Grove can
support a maximum of 1,000 peacocks, while Dr. Ivy predicts that Aspen Grove can support no
more than 500 peacocks. The peacocks have a birth rate of 0.34 per year and a death rate of 0.11
per year. If 180 peacocks were observed in the Aspen Grove one year ago, and 204 were
observed today, which ecologist more accurately predicted the Aspen Grove’s peacock carrying
capacity?
Dr. Rose, 1,000 peacocks
Dr. Ivy, 500 peacocks
Answer: B
In 2020, you observe a population of 150 rabbits that live in a prairie and seem to have a birth
rate of 0.3 per year. You discover that the local population of 20 red-tailed hawks are the main
rabbit predators in the prairie, and you calculate their predation rate to be 0.008 per prey per
year, and their efficiency rate to be 0.004 per prey per year. The red-tailed hawk death rate is
0.16 per year. How many rabbits do you expect to find in the prairie in 2021? Round your final
answer to the nearest whole number.
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Answer: 171 (with margin: 0)
A population of 25 polar bears are the main predators of a population of 340 ringed seals. Polar
bears have an efficiency rate of 0.001 per prey per year, and a death rate of 0.24 per year. They
also have a predation rate of 0.01 per seal per year. The ringed seals have a birth rate of 0.32 per
year. Assuming no other factors are affecting the polar bear population, how many polar bears
will be found in this population one year from now? Round your final answer to the nearest
whole number.
Answer: 28 (with margin: 1)
The wolf spiders in a forest primarily feed on black crickets. Scientists are curious about how the
cricket population size affects the wolf spider population. The wolf spider population has an
estimated death rate of 0.6 per year, but two spider specialists disagree on the efficiency rate of
the wolf spider converting prey into offspring. Dr. Doe hypothesizes that the wolf spider
efficiency rate is 0.0004 per prey per year. Dr. Rockwell hypothesizes that the wolf spider
efficiency rate is 0.001 per prey per year. To settle their disagreement, they observe the
populations of wolf spiders and black crickets in 2020 and 2021. Which scientist more accurately
predicted the wolf spider efficiency rate?

Dr. Doe, 0.0004
Dr. Rockwell, 0.001
Answer: A
A population of giraffes live in the Mount Kenya National Park. Conservationist are tracking
their population growth, and to their excitement they’ve found that the population is increasing!
In 2020 the park had 120 giraffes, and in 2021 their numbers grew to 128. Mount Kenya
National Park has a carrying capacity of 350 giraffes. In the past the baseline birth rate was 0.17
per year, and the death rate was 0.21, so something must have changed in order to allow the
giraffe population to grow again. Conservationists have proposed three possible explanations.
Assuming only one of these explanations caused the change in giraffe population growth, which
is the most likely cause of giraffe population increase?

Increased vegetation growth
Decline in predator population
Male giraffes improved their mating dances
Answer: B
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As you may remember from class, the yucca plants in the Sonoran and Mojave Deserts can only
be pollinated by one animal, the yucca moth. The yucca moth lays its eggs in the flower of the
yucca and the moth larvae grow up eating some of the ripening seeds of the yucca. As it deposits
its eggs in the flower, it also pollinates the plant.
Thus, the moth population has a positive effect on the yucca plant population (modeled by a
numerical rate representing the mutualistic effect of moths on plants). Specifically, every 1 moth
present makes it so that 0.5 more plants will have sufficient resources to live in the desert. Hint You can think of it like this: each moth that is present makes up for 0.5 plants that otherwise
would have counted toward the plant carrying capacity.
The yucca plants have a positive effect on the moth population (modeled by a numerical rate
representing the mutualistic effect of plants on moths). Specifically, every 1 plant present makes
it so 0.02 more moths will have sufficient resources to live in the desert. Hint - You can think of
it like this: each plant that is present makes up for 0.02 moths that otherwise would have counted
toward the moth carrying capacity.
FIRST TASK: Create models (equations or diagrams) to predict how yucca moth and yucca
plant populations affect each other’s population growth over one year (so one model for the
moth, one model for the plant). Take carrying capacities and interspecies interactions into
account. Label all variables/symbols you choose to use. (submit in next question)
Answer: Equivalent diagrams were also accepted.

SECOND TASK, USE YOUR MODEL: In 2020, a section of the Mojave desert, a population of
200 yucca moths has a growth rate of 0.2 per year. A population of 800 yucca plants has a
growth rate of 0.31 per year. The yucca moths have a carrying capacity of 450, and the yucca
plants have a carrying capacity of 1,000. Using your model, predict how many yucca plants will
live in this section of the Mojave Desert in 2021. Round your answer to the nearest whole
number. (enter answer on last question)
Answer: 874 (with margin: 2)
Request for student work prompt: If you are participating in the study, please upload any work
you used to complete the questions on this formative assessment.
If you have more than one file to submit, or if canvas submissions are not working properly, you
may email your work images to Samantha Wasson at sammy_rae@hotmail.com
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